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communication service is provided. The method includes:
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vectors and QOE values corresponding to the multiple groups
of original KQI vectors to establish a function relationship
between KQI vectors and QOE values corresponding to the
KQI vectors; acquiring a current KQI vector, and applying the
function relationship between the KQI vectors and the QOE
values corresponding to the KQI vectors to obtain a current
QOE value corresponding to the current KQI vector.
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FIG. 3
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METHOD AND APPARATUS FOR
ACQUIRING QUALITY OF EXPERIENCE
AND METHOD AND APPARATUS FOR
ENSURING QUALITY OF EXPERIENCE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation No. 201210068920.8, filed on Mar. 15, 2012, which is
hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to the field of communica-
tions technologies, and in particular, to a method and an
apparatus for acquiring quality of experience (Quality of
Experience, QOE) of a telecommunication service, and a
method and an apparatus for ensuring QOE of the telecom-
munication service.

BACKGROUND OF THE INVENTION

Quality of experience (Quality of Experience, QOE) indi-
cates subjective experience of a user on the satisfaction of a
certain product or service. It usually serves as one of the key
indicators for evaluating the quality of a communication ser-
vice, such as telecommunication, and is used to assess the
service quality of various telecommunication services (such
as conversation, short message, and Internet access through
Wi-Fi) from the view of a user. Currently, a method for
evaluating quality of experience widely used in the industry is
to assess the relationship between quality classes by estab-
lishing indicators of quality of service (Quality of Service,
QoS) and through dial test, where the indicators of quality of
service indicate key performance indexes (Key Performance
Indexes, KPIs) of network elements, the key performance
indexes include time delay jitter and packet loss, and the
quality of experience classes (MoS scores) are acquired by
means of subjective assessment through dial test. By input-
ting the acquired key performance indexes and the quality of
experience classes into a pre-defined neural network model
for training, the mapping between the key performance
indexes and the quality of experience classes can be acquired.
When it is required to evaluate the quality of experience of a
certain service, the corresponding quality of experience can
be predicted by acquiring a certain or multiple key perfor-
mance indexes of the service. However, the scores for the
quality of experience classes reflect the assessment of dial test
personnel, but not assessment of local common users. The key
performance indexes cannot directly evaluate the objective
quality of service, and accordingly service parameters cannot
be accurately adjusted according to the quality of experience
classes to ensure QOE of a telecommunication service.

SUMMARY OF THE INVENTION

As such, embodiments of the present invention provide a
method and an apparatus that are capable of objectively
acquiring quality of experience of a telecommunication ser-
vice and a method and an apparatus for ensuring quality of
experience of a telecommunication service.

A method for acquiring quality of experience of a telecom-
munication service is provided, including:

acquiring multiple groups of original KQI vectors and a
QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors;
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2

analyzing a relationship between the multiple groups of
original KQI vectors and QOE values corresponding to the
multiple groups of original KQI vectors to establish a func-
tion relationship between KQI vectors and QOE values cor-
responding to the KQI vectors; and

acquiring a current KQI vector, and applying the function
relationship between the KQI vectors and the QOE values
corresponding to the KQI vectors to obtain a current QOE
value corresponding to the current KQI vector.

A method for ensuring QOE of a telecommunication ser-
vice is provided, including:

acquiring multiple groups of original KQI vectors and a
QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors, where
each group of original KQI vectors includes original KQI
values corresponding to different KQI classes;

analyzing a relationship between original KQI values cor-
responding to the same KQI class in the multiple groups of
original KQI vectors and the QOE values corresponding to
the original KQI vectors to establish a function relationship
between original KQI values corresponding to the same KQI
class and the QOE values corresponding to the original KQI
vectors;

according to a preset QOE threshold value, applying the
function relationship to determine a KQI threshold value
corresponding to a certain KQI class; and

according to the KQI threshold value corresponding to the
certain KQI class, adjusting a current KQI value correspond-
ing to the certain KQI class to ensure that a current QOE value
of the telecommunication service complies with the preset
QOE threshold value.

A method for ensuring QOE of a telecommunication ser-
vice is provided, including:

acquiring multiple groups of original KQI vectors and a
QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors, where
each group of original KQI vectors includes original KQI
values corresponding to different KQI classes;

analyzing a relationship between original KQI values cor-
responding to the same KQI class in the multiple groups of
original KQI vectors and QOE values corresponding to the
original KQI vectors to establish a function relationship
between the original KQI values corresponding to the same
KQI class and the QOE values corresponding to the original
KQI vectors;

acquiring a current KQI value under a certain KQI class,
and applying the function relationship to determine a pre-
estimated QOE value corresponding to the current KQI value;

comparing the pre-estimated QOE value corresponding to
the current KQI value with a preset QOE threshold value to
determine whether the pre-estimated QOE value correspond-
ing to the current KQI value is less than the QOE threshold
value;

if the pre-estimated QOE value corresponding to the cur-
rent KQI value is less than the QOE threshold value, applying
a function relationship between the KQI values correspond-
ing to the same KQI class and the QOE values corresponding
to the KQI vectors according to the pre-estimated QOE value
corresponding to the current KQI value to determine a theo-
retical KQI value corresponding to the pre-estimated QOE
value corresponding to the current KQI value under each KQI
class;

comparing the determined theoretical KQI value corre-
sponding to the pre-estimated QOE value corresponding to
the current KQI value under each KQI class with a preset KQI
threshold value in the KQI class, and determining a KQI class
under which the theoretical KQI value is most approximate to
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the preset KQI threshold value as a key KQI factor for result-
ing in a case where the pre-estimated QOE value is less than
the preset QOE threshold value; and

adjusting the determined key KQI factor to ensure that a
current QOE value of the telecommunication service com-
plies with the preset QOE threshold value.

An apparatus for acquiring QOE of a telecommunication
service is provided, including:

a parameter acquiring module, configured to acquire mul-
tiple groups of original KQI vectors and a QOE value corre-
sponding to each group of original KQI vectors in the mul-
tiple groups of original KQI vectors;

a modeling module, configured to analyze a relationship
between the multiple groups of original KQI vectors and
QOE values corresponding to the multiple groups of original
KQI vectors to establish a function relationship between KQI
vectors and QOE values corresponding to the KQI vectors;
and

a QOE calculating module, configured to acquire a current
KQI vector, and apply the function relationship between the
KQI vectors and the QOE values corresponding to the KQI
vectors to obtain a current QOE value corresponding to the
current KQI vector.

An apparatus for ensuring QOE of a telecommunication
service is provided, including:

a parameter acquiring module, configured to acquire mul-
tiple groups of original KQI vectors and a QOE value corre-
sponding to each group of original KQI vectors in the mul-
tiple groups of original KQI vectors, where each group of
original KQI vectors includes original KQI values corre-
sponding to different KQI classes;

a modeling module, configured to analyze a relationship
between original KQI values corresponding to a same KQI
class in the multiple groups of original KQI vectors and QOE
values corresponding to the original KQI vectors to establish
a function relationship between the original KQI values cor-
responding to the same KQI class and the QOE values corre-
sponding to the original KQI vectors;

a KQI threshold value acquiring module, configured to:
according to a preset QOE threshold value, apply the function
relationship to determine a KQI threshold value correspond-
ing to a certain KQI class; and

a KQI adjusting module, configured to: according to the
KQI threshold value corresponding to the certain KQI class,
adjust a current KQI value corresponding to the certain KQI
class to ensure that a current QOE value of the telecommu-
nication service complies with the preset QOE threshold
value.

An apparatus for ensuring QOE of a telecommunication
service is provided, including:

a parameter acquiring module, configured to acquire mul-
tiple groups of original KQI vectors and a QOE value corre-
sponding to each group of original KQI vectors in the mul-
tiple groups of original KQI vectors, where each group of
original KQI vectors includes original KQI values corre-
sponding to different KQI classes;

a modeling module, configured to analyze a relationship
between original KQI values corresponding to a same KQI
class in the multiple groups of original KQI vectors and QOE
values corresponding to the original KQI vectors to establish
a function relationship between the original KQI values cor-
responding to the same KQI class and the QOE values corre-
sponding to the original KQI vectors;

a QOE value pre-estimating module, configured to acquire
a current KQI value under a certain KQI class, and apply the
function relationship to determine a pre-estimated QOE value
corresponding to the current KQI value;
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a QOE value comparing module, configured to compare
the pre-estimated QOE value corresponding to the current
KQI value with a preset QOE threshold value to determine
whether the pre-estimated QOE value corresponding to the
current KQI value is less than the QOE threshold value;

a theoretical KQI acquiring module, configured to: if the
pre-estimated QOE value corresponding to the current KQI
value is less than the QOE threshold value, determine a theo-
retical KQI value corresponding to the pre-estimated QOE
value corresponding to the current KQI value under each KQI
class by applying a function relationship between the KQI
values corresponding to the same KQI class and the QOE
values corresponding to the KQI vectors and according to the
pre-estimated QOE value corresponding to the current KQI
value;

akey KQI determining module, configured to compare the
determined theoretical KQI value corresponding to the pre-
estimated QOE value corresponding to the current KQI value
under each KQI class and a preset KQI threshold value in each
KQI class, and determine a KQI class under which the theo-
retical KQI value is most approximate to the preset KQI
threshold value as a key KQI factor for resulting in a case
where the pre-estimated QOE value is less than the preset
QOE threshold value; and

a KQI adjusting module, configured to adjust the deter-
mined key KQI factor to ensure that a current QOE value of
the telecommunication service complies with the preset QOE
threshold value.

Through the method and apparatus for acquiring quality of
experience of a telecommunication service provided in the
embodiments of the present invention, the correspondence
between KQI and QOE is established by acquiring KQIs and
the corresponding QOE, and QOE assessment can be objec-
tively and quickly implemented by acquiring a current KQI
and the correspondence between KQI and QOE, and KQls
can be directly used to evaluate the objective quality of ser-
vice. By establishing the correspondence between KQI and
QOE, KQIs that affect the QOE can be objectively and accu-
rately found, and the corresponding QOE is evaluated accord-
ingly after KQI values are acquired. The QOE acquired
through this means is capable of objectively and accurately
reflecting the quality status of the service. In addition,
through the method and apparatus for ensuring QOE of a
telecommunication service, whether the current QOE meets
requirements is monitored through the correspondence
between KQI and QOE, and the QOE is ensured by adjusting
KQIs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a method for acquiring quality
of'experience of a telecommunication service according to an
embodiment of the present invention;

FIG. 2 is a block diagram of a method for acquiring a QOE
value in the method for acquiring quality of experience of the
telecommunication service shown in FIG. 1;

FIG. 3 is a block diagram of acquiring original QOE values
corresponding to the multiple groups of standardized KQI
vectors in the method for acquiring the QOE value shown in
FIG. 2;

FIG. 4 is a block diagram of a method for acquiring stan-
dardized KQI vectors whose KPI states are approximate in
the method for acquiring quality of experience of the tele-
communication service shown in FIG. 1;

FIG. 5 is a block diagram of another method for acquiring
a QOE value in the method for acquiring quality of experi-
ence of the telecommunication service shown in FIG. 1;
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FIG. 6 is a block diagram of a method for selecting the
standardized KQI vectors whose KPI states are evenly dis-
tributed in the another method for acquiring the QOE value
shown in FIG. 5;

FIG. 7 is a block diagram of a method for establishing the
correspondence between the KQI vectors and corresponding
QOE values by using a multiple regression modeling method
in the method for acquiring quality of experience of the tele-
communication service shown in FIG. 1;

FIG. 8 is a block diagram of a method for ensuring QOE of
a telecommunication service according to an embodiment of
the present invention;

FIG. 9 is a block diagram of a method for acquiring a QOE
value in the method for ensuring QOE of the telecommuni-
cation service shown in FIG. 8;

FIG. 9a is a block diagram of acquiring original QOE
values corresponding to the multiple groups of standardized
KQI vectors in the method for acquiring the QOE value
shown in FIG. 9;

FIG. 95 is a block diagram of a method for selecting the
standardized KQI vectors whose KPI states are approximate
to form sample standardized KQI vectors in the method for
acquiring the QOE value shown in FIG. 9;

FIG. 9c¢ is a block diagram of a method for stabilizing a
relationship between the original KQI values corresponding
to the same KQI class in the sample standardized KQI vectors
and original QOE values corresponding to the sample stan-
dardized KQI vectors to obtain stable original KQI values and
stable QOE values in the method for acquiring the QOE value
shown in FIG. 9;

FIG. 10 is a block diagram of another method for acquiring
a QOE value in the method for ensuring QOE of the telecom-
munication service shown in FIG. 8;

FIG. 10aq is a block diagram of a method for selecting the
standardized KQI vectors whose KPI states are evenly dis-
tributed in the method for acquiring the QOE value shown in
FIG. 10;

FIG. 11 is a block diagram of another method for ensuring
QOE of a telecommunication service according to an
embodiment of the present invention;

FIG. 12 is a block diagram of an apparatus for acquiring
quality of experience of a telecommunication service accord-
ing to an embodiment of the present invention;

FIG. 13 is a block diagram of a parameter acquiring mod-
ule of the apparatus for acquiring quality of experience of the
telecommunication service in FIG. 12;

FIG. 14 is a block diagram of a first QOE value acquiring
unit of the parameter acquiring module in FIG. 13;

FIG. 15 is a block diagram of a first standardized KQI
vector selecting unit of the parameter acquiring module in
FIG. 13;

FIG. 16 is a block diagram of another parameter acquiring
module of the apparatus for acquiring quality of experience of
the telecommunication service in FIG. 12;

FIG. 17 is a block diagram of a second standardized KQI
vector selecting unit of the another parameter acquiring mod-
ule in FIG. 16;

FIG. 18 is a block diagram of an apparatus for ensuring
QOE of a telecommunication service according to an
embodiment of the present invention;

FIG. 19 is a block diagram of a parameter acquiring mod-
ule of the apparatus for acquiring quality of experience of the
telecommunication service in FIG. 18;

FIG. 20 is a block diagram of another parameter acquiring
module of the apparatus for acquiring quality of experience of
the telecommunication service in FIG. 18; and
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FIG. 21 shows another apparatus for ensuring QOE of a
telecommunication service according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

An embodiment of the present invention provides a method
for acquiring quality of experience of a telecommunication
service. The method includes:

acquiring multiple groups of original KQI vectors and a
QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors;

analyzing a relationship between the multiple groups of
original KQI vectors and QOE values corresponding to the
multiple groups of original KQI vectors to establish a func-
tion relationship between KQI vectors and QOE values cor-
responding to the KQI vectors; and

acquiring a current KQI vector, and applying the function
relationship between the KQI vectors and the QOE values
corresponding to the KQI vectors to obtain a current QOE
value corresponding to the current KQI vector.

In the method for acquiring quality of experience of a
telecommunication service provided in this embodiment of
the present invention, by acquiring multiple groups of origi-
nal KQIs and a QOE value corresponding to each of the
original KQI vectors in the multiple groups of original KQIs
to establish a function relationship between KQI vectors and
QOE values, and by acquiring the current KQI vector and
applying the established function relationship between KQI
vectors and QOE values to acquire the current QOE value,
QOFE evaluation can be implemented objectively and quickly.
As KQI vectors can be directly used to evaluate the objective
quality of a service, the quality status of the service can be
objectively and accurately reflected by establishing the cor-
respondence between the KQI vectors and the QOEs.

FIG. 1 is a block diagram of a method 100 for acquiring
quality of experience of a telecommunication service accord-
ing to an embodiment of the present invention. The method
includes:

S110: Acquire multiple groups of original KQI vectors and
a QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors.

The quality index of service of the QOE value is a key
performance index (Key Performance Index, KPI) of a net-
work element, and it can be monitored by a KQI monitoring
apparatus. In this embodiment of the present invention, the
KQI monitoring apparatus performs individual user-level
monitoring for KQIs of multiple users at the same time, that
is, monitors KQIs of each user. The KQI monitoring result of
each user is represented by the KQI vector constituted by KQI
values of different classes or properties. The KQI vector
obtained through the direct monitoring performed by the KQI
monitoring apparatus is called an original KQI vector, The
original KQI vector usually includes multiple composition
elements or factors, that is, KQI values of different classes or
properties. For example, the KQI vector of a voice service
may include caller connection success rate, caller access
duration, call drop rate, and voice quality; the KQI vector of
a web browsing service may include access success rate,
access duration, refresh success rate, refresh duration, drop
rate, and average downloading speed; the KQI vector of a
short messaging service (Short Messaging Service, SMS)
may include sending delay and sending success rate. It is
understandable that, according to features of different tele-
communication services, the KQI vector can be customized.
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After the original KQI vectors are acquired, corresponding
QOE values need to be acquired according to the acquired
original KQI vectors. Specifically, the following methods
may be used for acquisition:

Method for Acquiring QOE Values (1)

As shown in FIG. 2, the method 200 for acquiring multiple
groups of original KQI vectors and a QOE value correspond-
ing to each group of original KQI vectors in the multiple
groups of original KQI vectors specifically includes the fol-
lowing steps:

S210: Acquire multiple original KQI values of a class of
telecommunication service, the multiple original KQI values
constituting multiple groups of original KQI vectors.

In order to accurately and objectively obtain the correspon-
dence between original KQI vectors and QOEs, proper evalu-
ation samples are required. That is, enough original KQI
values needs to serve as samples for subsequent analysis.
Therefore, multiple KQI values are gathered by acquiring a
KQI value for each of multiple users. In addition, the KQI
classes or properties corresponding to different services are
different. Therefore, multiple KQI values of a certain class,
that is, the same class, of telecommunication service, need to
be determined and acquired to constitute an original KQI
vector.

S220: Standardize each group of original KQI vectors in
the multiple groups of original KQI vectors to form corre-
sponding multiple groups of standardized KQI vectors, each
group of standardized KQI vectors being corresponding to a
KPI state.

The same original KQI vector includes original KQI values
of multiple different classes or properties, and these multiple
original KQI values that are included in the same KQI vector
cannot be directly compared with each other. Therefore, in
order to have the multiple original KQI values contained in
the same KQI vector mutually comparable or capable of
comparing with a uniform standard, each group of original
KQI vectors in the multiple groups of original KQI vectors
need to be standardized. Each group of standardized KQI
vectors is corresponding to a KPI state; the KPI state is a space
characteristic represented by the standardized KQI vectors in
the vector space constituted by the standardized KQI vectors.

Specifically, the standardizing each group of original KQI
vectors in the multiple groups of original KQI vectors to form
corresponding multiple groups of standardized KQI vectors
may include:

converting original KQI values in each of the original KQI
vectors through formula (a) into standard scores, or z scores,
to acquire a standardized KQI vector corresponding to each
original KQI vector;

(@

where, x is an original KQI value of an original KQI vector,
X is an average value of multiple original KQI values in the
original KQI vector, and s is a standard deviation of multiple
original KQI vectors in the original KQI vector; through the
preceding method, the original KQI vector is accordingly
converted into a standardized KQI vector.

S230: Acquire original QOE values corresponding to the
multiple groups of standardized KQI vectors.

After standardized KQI vectors are acquired, users corre-
sponding to the multiple groups of standardized KQI vectors
are interviewed and surveyed to acquire the original QOE
values corresponding to the multiple groups of standardized
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KQI vectors. In order that the original QOE values are prop-
erly and evenly distributed, as shown in FIG. 3, the acquiring
the original QOE values corresponding to the multiple groups
of standardized KQI vectors may specifically include the
following steps:

S2301: Select, from the vector space constituted by the
standardized KQI vectors, a multi-dimensional space entity
that includes all standardized KQI vectors, where each
dimension of the multi-dimensional space entity includes a
minimum value, a maximum value, and a value between the
minimum value and the maximum value that are in the stan-
dardized KQI vectors and fall on the dimension.

Each of the standardized KQI vectors constitutes an M-di-
mensional (multidimensional) vector space according to the
number M of standardized KQI values included therein. A
multidimensional space entity that includes all the standard-
ized KQI vectors is selected from the multidimensional vec-
tor space. It is understandable that, the multidimensional
space entity may be an enclosed area in a three-dimensional
space, or an enclosed area in a super space, such as a four-
dimension space or a five-dimension space. In each of the
vector spaces, the acquired multidimensional space entity is
capable of covering any one of the standardized KQI vectors
in the standardized KQI vector space to ensure that the stan-
dard vectors covered by the acquired multidimensional space
entity are complete and accurate.

S2302: Evenly divide the multi-dimensional space entity
along each dimension of the multi-dimensional space entity
into adjacent space area blocks, and select the same quantity
of standardized KQI vectors from each of the space area
blocks.

In order to take each distribution case of multiple KQI
vectors included in the multidimensional space entity in the
multidimensional space entity into account, that is, to acquire
corresponding QOE values, the multi-dimensional space
entity is evenly divided through the preceding step along each
dimension of the multi-dimensional space entity into multiple
adjacent space area blocks, and the same quantity of standard-
ized KQI vectors are selected from each of the space area
blocks to serve as survey objects.

S2303: Acquire original QOE values corresponding to the
standardized KQI vectors selected from each of the space area
blocks.

As KQI values are not evenly distributed, a requirement on
a full view of a relationship between KQIs and QOE values
can be relatively accurately reflected by selecting the stan-
dardized KQI vectors and surveying users corresponding to
the selected standardized KQI vectors, and survey resources
can be saved.

After the original QOE values are acquired, the method
200 for acquiring QOE values specifically includes:

S240: Select the standardized KQI vectors whose KPI
states are approximate to form sample standardized KQI vec-
tors.

As user scores, that is, QOE values (MoS scores), are
random, in order to obtain a QOE value for a voice clip, this
voice clip needs to be evaluated for multiple times to acquire
the QOE value. The QOE values acquired in the multiple
times of evaluation are averaged to acquire an average QOE
value, and then the relatively stable correspondence between
a QOE value and KQI can be acquired only. However, in live
network environment, it is almost impossible that the same
KPI state occurs for multiple times. Therefore, it needs to find
an approximate KPI state to replace a repeated KPI state to
form a sample standardized KQI vector.

Specifically, corresponding to the method for acquiring the
original QOE values corresponding to the multiple groups of
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standardized KQI vectors disclosed in steps S2301 to S2303,
as shown in FIG. 4, the step 240 of selecting the standardized
KQI vectors whose KPI states are approximate to form
sample standardized KQI vectors specifically includes:

S2401: Calculate distances between the standardized KQI
vectors selected from each of the space area blocks.

The distances between the standardized vectors may be
calculated by using a Euclidean distance formula

\/(xl—xz)2+(y1—y2)2+..., where x and y represent KQI values
of different KQI classes in the standardized KQI vectors. It is
understandable that the calculation of the distances between
the standardized KQI vectors is not confined to the calcula-
tion performed according to the Euclidean distance formula.
Other formula for calculating vector space distances may also
be used.

S2402: According to the calculated distances, select, for
each of the selected standardized KQI vectors, multiple stan-
dardized KQI vectors that have shortest distances from the
standardized KQI vector as the standardized KQI vectors
whose KPI states are approximate to form the sample stan-
dardized KQI vectors.

Specifically, L (for example, 30 or greater than 30) stan-
dardized KQI vectors may be selected for each of the stan-
dardized KQI vectors, where L standardized KQI vectors are
adjacent to it. The selection method is to start selecting a KQI
vector with the smallest distance from the standardized KQI
vector, and count the number until the count reaches L. The
count value L is merely selected at random to describe the
technical solution of the present invention. The number of
selected KQI vectors is not confined by the preceding count
value.

When the sample standardized KQI vectors are acquired,
the method 200 for acquiring QOE values specifically
includes:

S250: Stabilize a relationship between original KQI vec-
tors corresponding to the sample standardized KQI vectors
and original QOE values corresponding to the sample stan-
dardized KQI vectors to obtain stable original KQI vectors
and stable QOE values.

As described above, as KQI values are not evenly distrib-
uted, but are distributed in the mildly good states at most
times, in order to obtain the correspondence between stable
KQIs and stable QOE values, the sample standardized KQI
vectors whose KPI states are approximate and the original
QOE values corresponding to the sample standardized KQI
vectors need to be stabilized. Specifically, the stabilizing the
relationship between the original KQI vectors corresponding
to the sample standardized KQI vectors and the original QOE
values corresponding to the sample standardized KQI vectors
to obtain stable original KQI vectors and stable QOE values
includes:

calculating the average value or probability distribution of
the original KQI vectors corresponding to the sample stan-
dardized KQI vectors as a stable original KQI vector, and
calculating the average value or probability distribution of the
original QOE values corresponding to the sample standard-
ized KQI vectors as a stable QOE value.

Method for Acquiring QOE Values (2)

As shown in FIG. 5, the method 500 for acquiring multiple
groups of original KQI vectors and a QOE value correspond-
ing to each group of original KQI vectors in the multiple
groups of original KQI vectors specifically includes the fol-
lowing steps:

S510: Acquire multiple original KQI values of a class of
telecommunication service, the multiple original KQI values
constituting multiple groups of original KQI vectors.
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In order to accurately and objectively obtain the correspon-
dence between original KQI vectors and QOE, proper evalu-
ation samples are required. That is, enough KQI values need
to serve as samples for subsequent analysis. Therefore, mul-
tiple KQI values are gathered by acquiring a KQI value for
each of multiple users. In addition, the KQI classes or prop-
erties corresponding to different services are different. There-
fore, multiple KQI values of a certain class, that is, the same
class, of telecommunication service, need to be determined
and acquired to constitute the original KQI vectors.

S520: Standardize each group of original KQI vectors in
the multiple groups of original KQI vectors to form corre-
sponding multiple groups of standardized KQI vectors, each
group of standardized KQI vectors being corresponding to a
KPI state.

The same original KQI vector includes original KQI values
of multiple different classes or properties, and these multiple
original KQI values that are included in the same KQI vector
cannot be directly compared with each other. Therefore, in
order to have the multiple original KQI values contained in
the same KQI vector mutually comparable or capable of
comparing with a uniform standard, each group of original
KQI vectors in the multiple groups of original KQI vectors
need to be standardized. Each group of standardized KQI
vectors is corresponding to a KPI state; the KPI state is a space
characteristic represented by the standardized KQI vectors in
the vector space constituted by the standardized KQI vectors.

Specifically, the standardizing each group of original KQI
vectors in the multiple groups of original KQI vectors to form
corresponding multiple groups of standardized KQI vectors
may include:

converting original KQI values in each of the original KQI
vectors through formula (a) into standard scores, or z scores,
to acquire a standardized KQI vector corresponding to each
original KQI vector;

(@

where, X is an original KQI value of an original KQI vector,
X is an average value of multiple original KQI values in the
original KQI vector, and s is a standard deviation of multiple
original KQI vectors in the original KQI vector; through the
preceding method, the original KQI vector is accordingly
converted into a standardized KQI vector.

S530: Select the standardized KQI vectors whose KPI
states are evenly distributed to form sample standardized KQI
vectors.

As user scores, that is, QOE values (MoS scores), are
random, in order to obtain a QOE value for a voice clip, this
voice clip needs to be evaluated for multiple times to acquire
the QOE value. The QOE values acquired in the multiple
times of evaluation are averaged to acquire an average QOE
value, and then the relatively stable correspondence between
a QOE value and KQI can be acquired only. However, in live
network environment, it is almost impossible that the same
KPI state occurs for multiple times, and distribution of KPI
states in the live network environment basically is approxi-
mate to normal distribution. That is, KP]I states may basically
be distributed in a certain state region, and KQIs in this region
basically follow the pattern of even distribution. Therefore,
after the standardized KQI vectors whose KPI states are
evenly distributed and the original QOE values correspond-
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ing to the standardized KQI vectors are selected, an actual
relationship between KQI and the QOE can be reflected
thereby.

Specifically, as shown in FIG. 6, the step S530 of selecting
the standardized KQI vectors whose KPI states are evenly
distributed to form sample standardized KQI vectors may
specifically include:

S5301: Select, from the vector space constituted by the
standardized KQI vectors, a multi-dimensional space entity
that includes all standardized KQI vectors, where each
dimension of the multi-dimensional space entity includes a
minimum value, a maximum value, and a value between the
minimum value and the maximum value that are in the stan-
dardized KQI vectors and fall on the dimension.

Each of the standardized KQI vectors constitutes an M-di-
mensional (multidimensional) vector space according to the
number M of standardized KQI values included therein. A
multidimensional space entity that includes all KQI vectors is
selected from the multidimensional vector space. It is under-
standable that, the multidimensional space entity may be an
enclosed area in a three-dimensional space, or an enclosed
area in a super space, such as a four-dimension space or
five-dimension space. In each of the vector spaces, the
acquired multidimensional space entity is capable of cover-
ing any one of the standardized KQI vectors in the standard-
ized KQI vector space to ensure that the standard vectors
covered by the acquired multidimensional space entity are
complete and accurate.

S5302: Evenly divide the multi-dimensional space entity
along each dimension of the multi-dimensional space entity
into adjacent space area blocks, select at random, from each
of'the space area blocks that includes not less than the preset
number N of standardized KQI vectors, N standardized KQI
vectors, and use the selected N standardized KQI vectors as
the standardized KQI vectors whose KPI states are evenly
distributed, to form the sample standardized KQI vectors.

The KPI states are basically distributed in a certain state
area in a centralized manner, and the KQIs in this area basi-
cally follow the pattern of even distribution. Therefore, after
the standardized KQI vectors whose KPI states are evenly
distributed and the QOE values corresponding to the stan-
dardized KQI vectors are selected, an actual relationship
between KQI and the QOE can be reflected. After the multi-
dimensional space entity that includes all the KQI vectors is
evenly divided along each dimension of the multidimensional
space entity into adjacent space area blocks, it may be
regarded that a space area block that includes the preset
number N of standardized KQI vectors falls within the area
where the KQI states are distributed in a centralized manner.
The preset number N is preferably larger than or equal to 30.
Therefore, by selecting at random, from each ofthe space area
blocks that includes not less than the preset number N of
standardized KQI vectors, N standardized KQI vectors, and
using the selected N standardized KQI vectors as the stan-
dardized KQI vectors whose KPI states are evenly distrib-
uted, a requirement for selecting samples in the method
according to the present invention can be met. As KQI values
are not evenly distributed, a requirement on a full view of a
relationship between KQIs and QOE values can be relatively
accurately reflected by selecting the standardized KQI vec-
tors and surveying users corresponding to the selected stan-
dardized KQI vectors, and survey resources can be saved.

After the sample standardized KQI vectors are acquired,
the method 500 for acquiring QOE values specifically
includes:

S540: Stabilize a relationship between original KQI vec-
tors corresponding to the sample standardized KQI vectors
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and original QOE values corresponding to the sample stan-
dardized KQI vectors to obtain stable original KQI vectors
and stable QOE values.

As described above, as KQI values are not evenly distrib-
uted, but are distributed in the mildly good states at most
times, in order to obtain the correspondence between stable
KQIs and stable QOE values, the sample standardized KQI
vectors whose KPI states are evenly distributed and the origi-
nal QOE values corresponding to the sample standardized
KQI vectors need to be stabilized. Specifically, the stabilizing
the relationship between the original KQI vectors corre-
sponding to the sample standardized KQI vectors and the
original QOE values corresponding to the sample standard-
ized KQI vectors to obtain stable original KQI vectors and
stable QOE values includes:

After acquiring the multiple groups of original KQI vectors
and a QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors by
using each of the methods, the method 100 for acquiring
quality of experience of a telecommunication service pro-
vided in this embodiment further includes:

S120: Analyze a relationship between the multiple groups
of original KQI vectors and QOE values corresponding to the
multiple groups of original KQI vectors to establish a func-
tion relationship between KQI vectors and QOE values cor-
responding to the KQI vectors.

After the original KQI vectors and corresponding QOE
values are acquired, the correspondence or mapping between
the KQI vectors and corresponding QOE values may be
acquired through a modeling method. According to the cor-
respondence or mapping, corresponding QOE values can be
objectively predicted or acquired by acquiring KQIs in sub-
sequent use.

Further, after the relationship between stable original KQI
vectors and the stable QOE values is acquired by using the
QOE acquiring method (1) and QOE acquiring method (2),
the step S120 specifically further includes:

analyzing a relationship between the stable original KQI
vectors and the stable QOE values to establish the function
relationship.

Specifically, analyze a relationship between the stable
original KQI vectors and the stable QOE values and use a
multiple regression modeling method to establish a function
relationship between the KQI vectors and QOE values corre-
sponding to the KQI vectors.

As shown in FIG. 7, the step S120 of analyzing the rela-
tionship between the stable original KQI vectors and the
stable QOE values and using the multiple regression model-
ing method to establish the function relationship between the
KQI vectors and the QOE values corresponding to the KQI
vectors specifically includes:

S1201: With a stable original KQI vector as an independent
variable, and with a stable QOE value as a dependent variable,
obtain a function relationship between the stable QOE values
and the stable original KQI vectors through multiple regres-
sion analysis.

The function relationship may be expressed as follows:

QOE calculation value=f(KQI1, KQI2, KQI3, .. .), where
fis a function of the QOE calculation value.

S1202: Perform conversion for the obtained function rela-
tionship between the stable QOE values and the stable origi-
nal KQI vectors to acquire a function relationship between the
KQI vectors and the QOE values corresponding to the KQI
vectors, so that the QOE values calculated according to the
acquired function relationship between the KQI vectors and
the QOE values corresponding to the KQI vectors are con-
fined within a preset value range.



US 9,258,200 B2

13

It is understandable that the preset value range of the QOE
values is set according to requirements of surveyors. It is
generally from 1 to 5, but may also be set to different value
ranges, such as from 1 to 3 and from 1 to 7 according to
requirements. The present invention does not make the spe-
cific restriction for the QOE values.

The conversion method may be as follows:

Perform tangent conversion and arc tangent conversion in
sequence:

4 -3
QOEF value = — xtan™! *tan(ﬂ*(f ) *5] +3
ks

4

where, 0.9<d<1, and f is a formula obtained through the
multiple regression analysis.

Alternatively, the conversion method may also be convert-
ing the function relationship into a piecewise function:

1 (QOEF calculation value <= 1)
f (1 < QOE calculation value < 5)
5  (QOE calculation value >= 5)

QOE value =

The meaning of the above piecewise function is as follows:
when the QOE calculation value is smaller than or equal to 1,
the QOE value is 1; when the QOE calculation value is larger
than 1 and smaller than 5, the QOE value is f; when the QOE
calculation value is larger than 5, the QOE value is 5.

After the function relationship between the QOE values
and the KQIs is established through the above method, the
method 100 for acquiring QOE of the telecommunication
service in the present invention further includes:

S130: Acquire a current KQI vector, and applying the
function relationship between the KQI vectors and the QOE
values corresponding to the KQI vectors to obtain a current
QOE value corresponding to the current KQI vector.

According to the correspondence between the KQIs and
the corresponding QOE values established in step S120, a
QOE value corresponding to the current KQI can be acquired,
so that the QOE of the telecommunication service is objec-
tively and quickly acquired, the long-term repetitive inter-
view required in traditional QOE evaluation is avoided,
thereby helping a carrier directly manage user perception and
ensure it, and improving customer satisfaction.

As shown in FIG. 8, the present invention further provides
a method 800 for ensuring QOE of a telecommunication
service, including:

S810: Acquire multiple groups of original KQI vectors and
a QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors, where
each group of original KQI vectors includes original KQI
values corresponding to different KQI classes.

In this step, the acquiring the multiple groups of KQI
vectors and the QOE corresponding to each group of original
KQI vectors in the multiple groups of original KQI vectors
may use a method similar to the QOE value acquiring method
(1) and QOE value acquiring method (2) described above.
Specifically, a QOE value acquiring method (3) and a QOE
value acquiring method (4) may be used for implementation.

As shown in FIG. 9, the QOE value acquiring method (3)
includes:

S910: Acquire multiple original KQI values of a class of
telecommunication service, the multiple original KQI values
constituting multiple groups of original KQI vectors.
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8920: Standardize each group of original KQI vectors in
the multiple groups of original KQI vectors to form corre-
sponding multiple groups of standardized KQI vectors, each
group of standardized KQI vectors being corresponding to a
KPI state.

The standardizing step is the same as the standardizing
steps S220 and S520 in the QOE value acquiring method (1)
and QOE value acquiring method (2), and details are not
described herein again.

S930: Acquire original QOE values corresponding to the
multiple groups of standardized KQI vectors.

As shown in FIG. 9a, the step S930 of acquiring the origi-
nal QOE values corresponding to the multiple groups of
standardized KQI vectors specifically includes:

S9301: Select, from a vector space constituted by the stan-
dardized KQI vectors, a multi-dimensional space entity that
includes all the standardized KQI vectors, where each dimen-
sion of the multi-dimensional space entity includes a mini-
mum value, a maximum value, and a value between the mini-
mum value and the maximum value that are in the
standardized KQI vectors and fall on the dimension.

S9302: Evenly divide the multi-dimensional space entity
along each dimension of the multi-dimensional space entity
into adjacent space area blocks, and select the same quantity
of standardized KQI vectors from each of the space area
blocks.

$9303: Acquire original QOE values corresponding to the
standardized KQI vectors selected from each of the space area
blocks.

After the original QOE values corresponding to the mul-
tiple groups of standardized KQI vectors are acquired, the
QOE value acquiring method (3) further includes:

S940: Select the standardized KQI vectors whose KPI
states are approximate to form sample standardized KQI vec-
tors.

As shown in FIG. 95, the step S940 corresponding to the
steps S9301 and S9302 specifically include:

S9401: Calculate distances between the standardized KQI
vectors selected from each of the space area blocks.

S9402: According to the calculated distances, select, for
each of the selected standardized KQI vectors, multiple stan-
dardized KQI vectors that have shortest distances from the
standardized KQI vector as the standardized KQI vectors
whose KPI states are approximate, to form the sample stan-
dardized KQI vectors.

After the sample standardized KQI vectors are acquired,
the QOE value acquiring method (3) further includes:

S950: Stabilize a relationship between the original KQI
values corresponding to the same KQI class in the sample
standardized KQI vectors and original QOE values corre-
sponding to the sample standardized KQI vectors to obtain
stable original KQI values and stable QOE values.

As shown in FIG. 9¢, the step S950 specifically includes:

S950a: Sort multiple original KQI values corresponding to
multiple standardized KQI values corresponding to the same
KQI class in the sample standardized KQI vectors to form an
original KQI value sequence, and divide the original KQI
value sequence evenly into original KQI value sequence seg-
ments.

S9504: Calculate the average value or probability distribu-
tion of original KQI values in each of the original KQI value
sequence segments as a stable original KQI value, and calcu-
late the average value or probability distribution of QOE
values corresponding to the sample standardized KQI vectors
where standard KQI values corresponding to original KQI
values in each of the original KQI value sequence segments
are located as a stable QOE value; or
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S9504: Use the same QOE values corresponding to the
sample standardized KQI vectors as the stable QOE values;

S950e: Calculate the average value or probability distribu-
tion of original KQI values corresponding to multiple stan-
dardized KQI values corresponding to the same KQI class in
the sample standardized KQI vectors that have the stable
QOE values as a stable original KQI value.

As shown in FIG. 10, the QOE value acquiring method
1000 (4) includes:

S1010: Acquire multiple original KQI values of a class of
telecommunication service, the multiple original KQI values
of the class of telecommunication service constituting mul-
tiple groups of original KQI vectors.

S1020: Standardize each group of original KQI vectors in
the multiple groups of original KQI vectors to form corre-
sponding multiple groups of standardized KQI vectors, each
group of standardized KQI vectors being corresponding to a
KPI state.

The standardization step is the same as those in the QOE
value acquiring method (1) and QOE value acquiring method
(2), and details are not described herein again.

S1030: Select the standardized KQI vectors whose KPI
states are evenly distributed, to form sample standardized
KQI vectors.

As shownin FIG. 10q, the step S1030 specifically includes:

S1031: Select, from a vector space constituted by the stan-
dardized KQI vectors, a multi-dimensional space entity that
includes all the standardized KQI vectors, where each dimen-
sion of the multi-dimensional space entity includes a mini-
mum value, a maximum value, and a value between the mini-
mum value and the maximum value that are in the
standardized KQI vectors and fall on the dimension.

S1032: Evenly divide the multi-dimensional space entity
along each dimension of the multi-dimensional space entity
into adjacent space area blocks, select at random, from each
of'the space area blocks that includes not less than the preset
number N of standardized KQI vectors, N standardized KQI
vectors, and use the selected N standardized KQI vectors as
the standardized KQI vectors whose KPI states are evenly
distributed to form the sample standardized KQI vectors.

After the sample standardized KQI vectors are acquired,
the QOE value acquiring method (4) further includes:

S1040: Acquire original QOE values corresponding to the
sample standardized KQI vectors.

S1050: Stabilize a relationship between original KQI val-
ues corresponding to the same KQI class in the sample stan-
dardized KQI vectors and original QOE values corresponding
to the sample standardized KQI vectors to obtain stable origi-
nal KQI values and stable QOE values.

The step S1050 specifically may be implemented by using
the steps S950a and S9505 or S9504 and S950¢, and details
are not described herein again.

After the multiple groups of original KQI vectors and the
QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors are
acquired, the method for ensuring QOE of the telecommuni-
cation service further includes:

S820: Analyze a relationship between the original KQI
values corresponding to the same KQI class in the multiple
groups of original KQI vectors and the QOE values corre-
sponding to the original KQI vectors to establish a function
relationship between the original KQI values corresponding
to the same KQI class and the QOE values corresponding to
the original KQI vectors.

Specifically, corresponding to the QOE value acquiring
method (3) and QOE value acquiring method (4), the step
S820 specifically includes:
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analyzing a relationship between the stable original KQI
values corresponding to the same KQI class and the stable
QOE values corresponding to the stable original KQI values
corresponding to the same KQI class to establish the function
relationship.

To be more specific, the analyzing the relationship between
the stable original KQI values and the stable QOE values to
establish the function relationship specifically includes:

analyzing a relationship between the stable original KQI
values and the stable QOE values and using a single regres-
sion modeling method to establish a function relationship
between the original KQI values corresponding to the same
KQI class and QOE values corresponding to the original KQI
vectors. The using the single regression modeling method to
establish the function relationship between the original KQI
values corresponding to the same KQI class and QOE values
corresponding to the original KQI vectors specifically
includes: with a stable QOE value as an independent variable,
and with a stable original KQI value as a dependent variable,
obtaining the function relationship through regression analy-
sis. Specifically, if a linear relationship is shown between a
stable original KQI value and a stable QOE value, the func-
tion relationship is as follows: KQI=a*QOE+b;

if a logarithmic relationship is shown between the stable
original KQI value and the stable QOE value, the function
relationship is as follows: KQI=a*In(QOE)+b;

if an exponential relationship is shown between the stable
original KQI value and the stable QOE value, the function
relationship is as follows: KQI=a*e2°E+b.

After the function relationship between the original KQI
values corresponding to the same KQI class and the QOE
values corresponding to the original KQI vectors is obtained,
the method 800 for ensuring QOE of the telecommunication
service further includes:

S830: According to a preset QOE threshold value, apply
the function relationship to determine a KQI threshold value
corresponding to a certain KQI class.

According to the relationship between KQI and QOE
determined in step S820, a KQI vector threshold value corre-
sponding to a certain KQI class can be acquired according to
the preset QOE value. In this way, the KQI that affects a QOE
value can be found objectively, and adjustment can be made
accordingly, so that the adjusted QOE of the telecommunica-
tion service can comply with the preset QOE threshold value.

S840: According to the KQI threshold value corresponding
to the certain KQI class, adjust a current KQI value corre-
sponding to the certain KQI class to ensure that a current QOE
value of the telecommunication service complies with the
preset QOE threshold value.

With the method for ensuring QOE of a telecommunication
service provided in this embodiment of the present invention,
by pre-establishing a function relationship between KQI val-
ues under a certain KQI class and the QOE values corre-
sponding to the KQI vectors where the KQI values are
located, and according to a QOE threshold value, a corre-
sponding KQI vector threshold value can be acquired, and
then the KQI vector threshold value is used as reference to
adjust each KQI value in the telecommunication service, so
that the QOE can meet customer requirements, thereby
improving customer satisfaction.

As shown in FIG. 11, the present invention further provides
a method 1100 for ensuring QOE of a telecommunication
service, including:

S1110: Acquire multiple groups of original KQI vectors
and a QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors, where
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each group of original KQI vectors includes original KQI
values corresponding to different KQI classes.

S1120: Analyze a relationship between the original KQI
values corresponding to the same KQI class in the multiple
groups of original KQI vectors and the QOE values corre-
sponding to the original KQI vectors to establish a function
relationship between original KQI values corresponding to
the same KQI class and the QOE values corresponding to the
original KQI vectors.

The step S1110 and the step S1120 are the same as the step
S810 and step S820 in the method for ensuring QOE of a
telecommunication service described above. For the specific
implementation manner and details, reference can be made to
the content described in the steps S810 and S820.

S1130: Acquire a current KQI value under a certain KQI
class, and apply the function relationship to determine a pre-
estimated QOE value corresponding to the current KQI value.

According to the function relationship between the original
KQI values corresponding to the same KQI class and QOE
values corresponding to the original KQI vectors acquired in
step S1120, the pre-estimated QOE value corresponding to
the current KQI value is calculated, and the calculated pre-
estimated QOE value is used to determine the KQI class that
affects a QOE value.

S1140: Compare the pre-estimated QOE value corre-
sponding to the current KQI value with a preset QOE thresh-
old value to determine whether the pre-estimated QOE value
corresponding to the current KQI value is less than the QOE
threshold value.

S1150: If the pre-estimated QOE value corresponding to
the current KQI value is less than the QOE threshold value, by
applying a function relationship between the KQI values
corresponding to the same KQI class and the QOE values
corresponding to the KQI vectors and according to the pre-
estimated QOE value corresponding to the current KQI value,
determine a theoretical KQI value corresponding to the pre-
estimated QOE value corresponding to the current KQI value
under each KQI class.

S1160: Compare the determined theoretical KQI value
corresponding to the pre-estimated QOE value corresponding
to the current KQI value under each KQI class and a preset
KQI threshold value in the KQI class, and determine a KQI
class under which the theoretical KQI value is most approxi-
mate to the preset KQI threshold value as a key KQI factor for
resulting in a case where the pre-estimated QOE value is less
than the preset QOE threshold value.

S1170: Adjust the determined key KQI factor to ensure that
a current QOE value of the telecommunication service com-
plies with the preset QOE threshold value.

With the method for ensuring QOE of the telecommunica-
tion service provided in this embodiment of the present inven-
tion, by pre-establishing a function relationship between KQI
values under a certain KQI class and the QOE values corre-
sponding to the KQI vectors where the KQI values are located
and according to a current KQI value, a QOE value can be
estimated, that is, the QOE value is pre-estimated, a theoreti-
cal KQI value is calculated according to the pre-estimated
QOE value, and a key KQI class, that is, a key KQI factor, that
affects the QOE is determined according to a relationship
between the theoretical KQI value and a preset KQI threshold
value, so that the KQI factor is adjusted if necessary to change
a QOE value, thereby meeting customer requirements.

As shown in FIG. 12, an embodiment of the present inven-
tion further provides an apparatus 1200 for acquiring QOE of
a telecommunication service. The apparatus 1200 for acquir-
ing QOE of a telecommunication service is configured to
implement the method for acquiring QOE of a telecommuni-
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cation service. The apparatus 1200 for acquiring QOE of a
telecommunication service specifically includes:

a parameter acquiring module 1210, configured to acquire
multiple groups of original KQI vectors and a QOE value
corresponding to each group of original KQI vectors in the
multiple groups of original KQI vectors;

The indicator of quality of service of the QOE value is akey
performance index (Key Performance Index, KPI) of a net-
work element, and it can be monitored by a KQI monitoring
apparatus. In this embodiment of the present invention, the
KQI monitoring apparatus performs user-level monitoring
for KQIs of multiple users at the same time, that is, monitors
KQIs of each user. The KQI monitoring result of each user is
represented by the KQI vectors that are constituted by mul-
tiple KQI values of different classes or properties. The KQI
vectors obtained through the direct monitoring performed by
the KQI monitoring apparatus is called an original KQI vec-
tor. The original KQI vector usually includes multiple com-
position elements or factors, that is, KQI values of different
classes or properties. For example, the KQI vector of a voice
service may include caller connection success rate, caller
access duration, call drop rate, and voice quality; the KQI
vector of a web browsing service may include access success
rate, access duration, refresh success rate, refresh duration,
drop rate, and average downloading speed; the KQI vector of
a short messaging service (Short Messaging Service, SMS)
may include sending delay and sending success rate. It is
understandable that, according to features of different tele-
communication services, the KQI vector can be customized.

After the original KQI vectors are acquired, corresponding
QOE values need to be acquired according to the acquired
original KQI vectors. Specifically, as shown in FIG. 13, the
parameter acquiring module 1210 further includes:

a first KQI vector acquiring unit 1211, configured to
acquire multiple original KQI values of a class of telecom-
munication service, the multiple original KQI values consti-
tuting multiple groups of original KQI vectors;

In order to accurately and objectively obtain the correspon-
dence between original KQI vectors and QOE, proper evalu-
ation samples are required. That is, enough original KQI
values need to serve as samples for subsequent analysis.
Therefore, multiple KQI values are gathered by acquiring a
KQI value for each of multiple users. In addition, the KQI
classes or properties corresponding to different services are
different. Therefore, multiple KQI values of a certain class,
that is, the same class, of telecommunication service, need to
be determined and acquired to constitute the original KQI
vectors.

a first KQI vector standardizing unit 1212, configured to
standardize each group of original KQI vectors in the multiple
groups of original KQI vectors to form corresponding mul-
tiple groups of standardized KQI vectors, each group of stan-
dardized KQI vectors being corresponding to a KPI state.

The same original KQI vector includes original KQI values
of multiple different classes or properties, and these multiple
original KQI values that are included in the same KQI vector
cannot be directly compared with each other. Therefore, in
order to have the multiple original KQI values contained in
the same KQI vector mutually comparable or capable of
comparing with a uniform standard, each group of original
KQI vectors in the multiple groups of original KQI vectors
need to be standardized. Each group of standardized KQI
vectors is corresponding to a KPI state; the KPI state is a space
characteristic represented by the standardized KQI vectors in
the vector space constituted by the standardized KQI vectors.
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Specifically, the first KQI vector standardizing unit 1212 is
configured to:
convert original KQI values in each of the original KQI
vectors through formula (a) into standard scores, or z scores,
to acquire a standardized KQI vector corresponding to each
original KQI vector;

(@

where, x is an original KQI value of an original KQI vector,
X is an average value of multiple original KQI values in the
original KQI vector, and s is a standard deviation of multiple
original KQI vectors in the original KQI vector; through the
preceding method, the original KQI vector is accordingly
converted into a standardized KQI vector.

a first QOE value acquiring unit 1213, configured to
acquire original QOE values corresponding to the multiple
groups of standardized KQI vectors;

After standardized KQI vectors are acquired, users corre-
sponding to the multiple groups of standardized KQI vectors
are interviewed and surveyed to acquire the original QOE
values corresponding to the multiple groups of standardized
KQI vectors. In order that the original QOE values are prop-
erly and evenly distributed, as shown in FI1G. 14, the first QOE
value acquiring unit 1213 specifically includes:

afirst multi-dimensional space entity acquiring unit 1213a,
configured to select, from the vector space constituted by the
standardized KQI vectors, a multi-dimensional space entity
that includes all standardized KQI vectors, where each
dimension of the multi-dimensional space entity includes a
minimum value, a maximum value, and a value between the
minimum value and the maximum value that are in the stan-
dardized KQI vectors and fall on the dimension;

Each of the standardized KQI vectors constitutes an M-di-
mensional (multidimensional) vector space according to the
number M of standardized KQI values included therein. A
multidimensional space entity that includes all the standard-
ized KQI vectors is selected from the multidimensional vec-
tor space. It is understandable that, the multidimensional
space entity may be an enclosed area in a three-dimensional
space, or an enclosed area in a super space, such as a four-
dimension space or a five-dimension space. In each of the
vector spaces, the acquired multidimensional space entity is
capable of covering any one of the standardized KQI vectors
in the standardized KQI vector space to ensure that the stan-
dard vectors covered by the acquired multidimensional space
entity are complete and accurate.

a first multi-dimensional space entity splitting sub unit
12135, configured to evenly divide the multi-dimensional
space entity along each dimension of the multi-dimensional
space entity into adjacent space area blocks, and select the
same quantity of standardized KQI vectors from each of the
space area blocks;

In order to take each distribution case of multiple standard-
ized KQI vectors included in the multidimensional space
entity in the multidimensional space entity into account, that
is, to acquire corresponding original QOE values, the multi-
dimensional space entity is evenly divided through the pre-
ceding step along each dimension of the multi-dimensional
space entity into multiple adjacent space area blocks, and the
same quantity of standardized KQI vectors are selected from
each of the space area blocks to serve as survey objects.
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a first survey user selecting sub unit 1213¢, configured to
acquire original QOE values corresponding to the standard-
ized KQI vectors selected from each of the space area blocks;

As standardized KQI values are not evenly distributed, a
requirement on a full view of a relationship between KQIs
and QOE values can be relatively accurately reflected by
selecting the standardized KQI vectors and surveying users
corresponding to the selected standardized KQI vectors, and
survey resources can be saved.

The parameter acquiring module 1210 further includes:

a first standardized KQI vector selecting unit 1214, con-
figured to select the standardized KQI vectors whose KPI
states are approximate to form sample standardized KQI vec-
tors;

As user scores, that is, QOE values (MoS scores), are
random, in order to obtain a QOE value for a voice clip, this
voice clip needs to be evaluated for multiple times to acquire
the QOE value. The QOE values acquired in the multiple
times of evaluation are averaged to acquire an average QOE
value, and then the relatively stable correspondence between
a QOE value and KQI can be acquired only. However, in live
network environment, it is almost impossible that the same
KPI state occurs for multiple times. Therefore, it needs to find
an approximate KPI state to replace a repeated KPI state to
form a sample standardized KQI vector.

Specifically, corresponding to the acquiring the original
QOE values corresponding to the multiple groups of stan-
dardized KQI vectors through the disclosed first multidimen-
sional space entity acquiring sub unit 1410, first multidimen-
sional space entity splitting sub unit 1420, and first survey
user selecting sub unit 1430, as shown in FIG. 15, the first
standardized KQI vector selecting unit 1214 specifically
includes:

a distance calculating sub unit 1214q, configured to calcu-
late distances between the standardized KQI vectors selected
from each of the space area blocks;

The distances between the standardized vectors may be
calculated by wusing a Euclidean distance formula

\/(x 1=X5)2+(y,=Y,)?+..., where x and y represent KQI values
of different KQI classes in the standardized KQI vectors. It is
understandable that the calculation of the distances between
the standardized KQI vectors is not confined to the calcula-
tion performed according to the Euclidean distance formula.
Other formulas for calculating vector space distances may
also be used.

a standardized KQI vector selecting sub unit 12145, con-
figured to: according to the calculated distances, select, for
each of the selected standardized KQI vectors, multiple stan-
dardized KQI vectors that have shortest distances from the
standardized KQI vector as the standardized KQI vectors
whose KPI states are approximate to form the sample stan-
dardized KQI vectors.

Specifically, L (for example, 30 or greater than 30) stan-
dardized KQI vectors may be selected for each of the stan-
dardized KQI vectors, where L standardized KQI vectors are
adjacent to it. The selection method is to start selecting a
standardized KQI vector with the smallest distance from the
standardized KQI vector, and count the number until the
count reaches L. The count value L is merely selected at
random to describe the technical solution of the present
invention. The number of selected KQI vectors is not con-
fined by the preceding count value.

The parameter acquiring module 1210 further includes:

a first parameter stabilizing module 1215, configured to
stabilize a relationship between original KQI vectors corre-
sponding to the sample standardized KQI vectors and original
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QOE values corresponding to the sample standardized KQI
vectors to obtain stable original KQI vectors and stable QOE
values;

As described above, as KQI values are not evenly distrib-
uted, but are distributed in the mildly good states at most
times, in order to obtain the correspondence between stable
KQIs and stable QOE values, the sample standardized KQI
vectors whose KPI states are approximate and the original
QOE values corresponding to the sample standardized KQI
vectors need to be stabilized. Specifically, the stabilizing the
relationship between the original KQI vectors corresponding
to the sample standardized KQI vectors and the original QOE
values corresponding to the sample standardized KQI vectors
to obtain stable original KQI vectors and stable QOE values is
specifically:

As shown in FIG. 16, it is understandable that, another
implementation scheme instead of the parameter acquiring
module 1210 is another parameter acquiring module 1600.
The parameter acquiring module 1600 in this implementation
scheme specifically includes:

the first KQI vector acquiring unit 1211, configured to
acquire multiple original KQI values of a class of telecom-
munication service, the multiple original KQI values consti-
tuting multiple groups of original KQI vectors;

the first KQI vector standardizing unit 1212, configured to
standardize each group of original KQI vectors in the multiple
groups of original KQI vectors to form corresponding mul-
tiple groups of standardized KQI vectors, each group of stan-
dardized KQI vectors being corresponding to a KPI state; and

a second standardized KQI vector selecting unit 1610,
configured to select the standardized KQI vectors whose KPI
states are evenly distributed.

As user scores, that is, QOE values (MoS scores), are
random, in order to obtain a QOE value for a voice clip, this
voice clip needs to be evaluated for multiple times to acquire
the QOE value. The QOE values acquired in the multiple
times of evaluation are averaged to acquire an average QOE
value, and then the relatively stable correspondence between
a QOE value and KQI can be acquired only. However, in live
network environment, it is almost impossible that the same
KPI state occurs for multiple times, and distribution of KPI
states in the live network environment basically is approxi-
mate to normal distribution. That is, KPI states may basically
be distributed in a certain state region, and KQIs in this region
basically follow the pattern of even distribution. Therefore,
after the standardized KQI vectors whose KPI states are
evenly distributed and the QOE values corresponding to the
standardized KQI vectors are selected, an actual relationship
between KQI and the QOE can be reflected.

Specifically, as shown in FIG. 17, the second standardized
KQI vector selecting unit 1610 specifically includes:

a second multi-dimensional space entity acquiring unit
1611, configured to select, from the vector space constituted
by the standardized KQI vectors, a multi-dimensional space
entity that includes all standardized KQI vectors, where each
dimension of the multi-dimensional space entity includes a
minimum value, a maximum value, and a value between the
minimum value and the maximum value that are in the stan-
dardized KQI vectors and fall on the dimension;

Each of the standardized KQI vectors constitutes an M-di-
mensional (multidimensional) vector space according to the
number M of standardized KQI values included therein. A
multidimensional space entity that includes all KQI vectors is
selected from the multidimensional vector space. It is under-
standable that, the multidimensional space entity may be an
enclosed area in a three-dimensional space, or an enclosed
area in a super space, such as a four-dimension space or
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five-dimension space. In each of the vector spaces, the
acquired multidimensional space entity is capable of cover-
ing any one of the standardized KQI vectors in the standard-
ized KQI vector space to ensure that the standard vectors
covered by the acquired multidimensional space entity are
complete and accurate.

a second multi-dimensional space entity splitting sub unit
1612, configured to evenly divide the multi-dimensional
space entity along each dimension of the multi-dimensional
space entity into adjacent space area blocks, select at random,
from each of the space area blocks that includes not less than
the preset number N of standardized KQI vectors, N standard-
ized KQI vectors, and use the selected N standardized KQI
vectors as the standardized KQI vectors whose KPI states are
evenly distributed, to form the sample standardized KQI vec-
tors.

The KPI states are basically distributed in a certain state
area in a centralized manner, and the KQIs in this area basi-
cally follow the pattern of even distribution. Therefore, after
the standardized KQI vectors whose KPI states are evenly
distributed and the QOE values corresponding to the stan-
dardized KQI vectors are selected, an actual relationship
between KQI and the QOE can be reflected. After the multi-
dimensional space entity that includes all the KQI vectors is
evenly divided along each dimension of the multidimensional
space entity into adjacent space area blocks, it may be
regarded that a space area block that includes the preset
number N of standardized KQI vectors falls within the area
where the KQI states are distributed in a centralized manner.
The preset number N is preferably larger than or equal to 30.
Therefore, by selecting at random, from each ofthe space area
blocks that includes not less than the preset number N of
standardized KQI vectors, N standardized KQI vectors, and
using the selected N standardized KQI vectors as the stan-
dardized KQI vectors whose KPI states are evenly distrib-
uted, a requirement for selecting samples in the method
according to the present invention can be met.

After the standardized KQI vectors whose KPI states are
evenly distributed are acquired, the parameter acquiring mod-
ule 1610 in the another implementation scheme further
includes:

a second QOE value acquiring unit 1620, configured to
acquire original QOE values corresponding to the sample
standardized KQI vectors,

where as KQI values are not evenly distributed, a require-
ment on a full view of a relationship between KQIs and QOE
values can be relatively accurately reflected by selecting the
standardized KQI vectors and surveying users corresponding
to the selected standardized KQI vectors, and survey
resources can be saved,

and the first parameter stabilizing unit 1215, configured to
stabilize a relationship between original KQI vectors corre-
sponding to the sample standardized KQI vectors and original
QOE values corresponding to the sample standardized KQI
vectors to obtain stable original KQI vectors and stable QOE
values.

After the parameter acquiring module 1210 is configured
to acquire the multiple groups of original KQI vectors and the
QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors, the
apparatus 1200 for acquiring quality of experience of a tele-
communication service provided in this embodiment of the
present invention further includes:

a modeling module 1220, configured to analyze a relation-
ship between the multiple groups of original KQI vectors and
QOE values corresponding to the multiple groups of original
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KQI vectors to establish a function relationship between KQI
vectors and QOE values corresponding to the KQI vectors;

After the original KQI vectors and corresponding original
QOE values are acquired, the correspondence or mapping
between the KQI vectors and corresponding QOE values may
be acquired through a modeling method. According to the
correspondence or mapping, corresponding QOE values can
be objectively predicted or acquired by acquiring KQIs in
subsequent use.

Further, the analyzing, by the modeling module 1220, the
relationship between the multiple groups of original KQI
vectors and QOE values corresponding to the multiple groups
of original KQI vectors to establish the function relationship
between the KQI vectors and the QOE values corresponding
to the KQI vectors specifically includes:

analyzing a relationship between the stable original KQI
vectors and the stable QOE values and using a multiple
regression modeling method to establish a function relation-
ship between the KQI vectors and the QOE values corre-
sponding to the KQI vectors.

Further, the analyzing, by the modeling module 1220, the
relationship between the stable original KQI vectors and the
stable QOE values and using the multiple regression model-
ing method to establish the function relationship between the
KQI vectors and the QOE values corresponding to the KQI
vectors specifically includes:

with a stable original KQI vector as an independent vari-
able, and with a stable QOE value as a dependent variable,
obtaining a function relationship between the stable QOE
values and the stable original KQI vectors through multiple
regression analysis,

where the function relationship may be expressed as fol-
lows:

QOE calculation value=f(KQI1, KQI2, KQI3, . . . ), where
fis a function of the QOE calculation value;

and performing conversion for the obtained function rela-
tionship between the stable QOE values and the stable origi-
nal KQI vectors to acquire a function relationship between the
KQI vectors and the QOE values corresponding to the KQI
vectors, so that the QOE values calculated according to the
acquired function relationship between the KQI vectors and
the QOE values corresponding to the KQI vectors are con-
fined within a preset value range.

It is understandable that the preset value range of the QOE
values is set according to requirements of surveyors. It is
generally from 1 to 5, but may also be set to different value
ranges, such as from 1 to 3 and from 1 to 7 according to
requirements. The present invention does not make the spe-
cific restriction for the QOE values.

The conversion method may be as follows:

Perform tangent conversion and arc tangent conversion in
sequence:

T (f=3)
4

4
QOEF value = — xtan™! *tan( 6) +3
n

where, 0.9<d<1, and f is a formula obtained through the
multiple regression analysis.
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Alternatively, the conversion method may also be convert-
ing the function relationship into a piecewise function:

1 (QOEF calculation value <= 1)
f (1 < QOE calculation value < 5)
5  (QOE calculation value >=5)

QOE value =

The meaning of the above piecewise function is as follows:
when the QOE calculation value is smaller than or equal to 1,
the QOE value is 1; when the QOE calculation value is larger
than 1 and smaller than 5, the QOE value is f; when the QOE
calculation value is larger than 5, the QOE value is 5.

After the function relationship between the QOE values
and the KQIs is established through the above method, the
apparatus for acquiring QOE of the telecommunication ser-
vice in the present invention further includes:

a QOE calculating module 1230, configured to acquire a
current KQI vector, and apply the function relationship
between the KQI vectors and the QOE values corresponding
to the KQI vectors to obtain a current QOE value correspond-
ing to the current KQI vector.

According to the correspondence between the KQIs and
the corresponding QOE values established by the modeling
module 1220, a QOE value corresponding to the current KQI
can be acquired, so that the QOE of the telecommunication
service is objectively and quickly acquired, the long-term
repetitive interview required in traditional QOE evaluation is
avoided, thereby helping a carrier directly manage user per-
ception and ensure it, and improving customer satisfaction.

As shown in FIG. 18, the present invention further provides
an apparatus 1800 for ensuring QOE of a telecommunication
service. The apparatus 1800 for ensuring QOE of the tele-
communication service is configured to implement the
method for ensuring QOE of the telecommunication service.
The apparatus 1800 for ensuring QOE of the telecommuni-
cation service specifically includes:

a parameter acquiring module 1810, configured to acquire
multiple groups of original KQI vectors and a QOE value
corresponding to each group of original KQI vectors in the
multiple groups of original KQI vectors, where each group of
original KQI vectors includes original KQI values corre-
sponding to different KQI classes.

In this step, the parameter acquiring module 1810 may be
implemented by using a method similar to the parameter
acquiring module 1210 in the apparatus 1200 for acquiring
QOE of a telecommunication service.

Specifically, as shown in FIG. 19, the parameter acquiring
module 1810 may include:

a first KQI vector acquiring unit 1811, configured to
acquire multiple original KQI values of a class of telecom-
munication service, the multiple original KQI values consti-
tuting multiple groups of original KQI vectors;

a first KQI vector standardizing unit 1812, configured to
standardize each group of original KQI vectors in the multiple
groups of original KQI vectors to form corresponding mul-
tiple groups of standardized KQI vectors, each group of stan-
dardized KQI vectors being corresponding to a KP1I state;

a first QOE value acquiring unit 1813, configured to
acquire original QOE values corresponding to the multiple
groups of standardized KQI vectors;

a first standardized KQI vector selecting unit 1814, con-
figured to select the standardized KQI vectors whose KPI
states are approximate to form sample standardized KQI vec-
tors;
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where the first KQI vector acquiring unit 1812 has the same
implementation manner as the first KQI vector acquiring unit
1211, and includes the same sub units; the first KQI vector
standardizing unit 1812 has the same implementation manner
as the first KQI vector standardizing unit 1212, and includes
the same sub units; the first QOE value acquiring unit 1813
has the same implementation manner as the first QOE value
acquiring unit 1213, and includes the same sub units; the first
standardized KQI vector selecting unit 1814 has the same
implementation manner as the first standardized KQI vector
selecting unit 1214, and includes the same sub units; and for
details, reference can be made to the descriptions in the cor-
responding parts described above, and details are not
described herein again;

and a second parameter stabilizing unit 1815, configured to
stabilize a relationship between the original KQI values cor-
responding to the same KQI class in the sample standardized
KQI vectors and original QOE values corresponding to the
sample standardized KQI vectors to obtain stable original
KQI values and stable QOE values.

Stabilizing, by the second parameter stabilizing unit 1815,
the relationship between the original KQI values correspond-
ing to the same KQI class in the sample standardized KQI
vectors and the original QOE values corresponding to the
sample standardized KQI vectors to obtain stable original
KQI values and stable QOE values may specifically be:

sorting multiple original KQI values corresponding to mul-
tiple standardized KQI values corresponding to the same KQI
class in the sample standardized KQI vectors to form an
original KQI value sequence, and dividing the original KQI
value sequence evenly into original KQI value sequence seg-
ments; and

calculating the average value or probability distribution of
original KQI values in each of the original KQI value
sequence segments as a stable original KQI value, and calcu-
lating the average value or probability distribution of QOE
values corresponding to the sample standardized KQI vectors
where standard KQI values corresponding to original KQI
values in each of the original KQI value sequence segments
are located as a stable QOE values; or

using the same QOE value corresponding to the sample
standardized KQI vectors as a stable QOE value; and

calculating the average value or probability distribution of
original KQI values corresponding to multiple standardized
KQI values corresponding to the same KQI class in the
sample standardized KQI vectors that have the stable QOE
values as a stable original KQI value.

As shown in FIG. 20, alternatively, the parameter acquiring
module 1810 may be replaced by a parameter module 2000.
The parameter module 1900 specifically includes:

the first KQI vector acquiring unit 1811, configured to
acquire multiple original KQI values of a class of telecom-
munication service, the multiple original KQI values consti-
tuting multiple groups of original KQI vectors;

the first KQI vector standardizing unit 1812, configured to
standardize each group of original KQI vectors in the multiple
groups of original KQI vectors to form corresponding mul-
tiple groups of standardized KQI vectors, each group of stan-
dardized KQI vectors being corresponding to a KPI state;

a second standardized KQI vector selecting unit 2010,
configured to select the standardized KQI vectors whose KPI
states are evenly distributed, to form sample standardized
KQI vectors,

where the second standardized KQI vector selecting unit
2010 is the same as the second standardized KQI vector
selecting unit 1610, and includes the same sub units, so details
are not described herein again;
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a second QOE value acquiring unit 2020, configured to
acquire original QOE values corresponding to the sample
standardized KQI vectors; and

the second parameter stabilizing unit 1815, configured to
stabilize a relationship between original KQI values corre-
sponding to the same KQI class in the sample standardized
KQI vectors and original QOE values corresponding to the
sample standardized KQI vectors to obtain stable original
KQI values and stable QOE values.

After the multiple groups of original KQI vectors and the
QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors are
acquired through the parameter acquiring module 1810 or
parameter module 2000, the apparatus 1800 for ensuring
QOE of the telecommunication service further includes:

a modeling module 1820, configured to analyze a relation-
ship between the original KQI values corresponding to the
same KQI class in the multiple groups of original KQI vectors
and the QOE values corresponding to the original KQI vec-
tors to establish a function relationship between the original
KQI values corresponding to the same KQI class and the
QOE values corresponding to the original KQI vectors.

Specifically, corresponding to the stable original KQI val-
ues and stable QOE values acquired by the parameter acquir-
ing module 1810, the analyzing, (implementing) by the mod-
eling module 1820, the relationship between the original KQI
values corresponding to the same KQI class in the multiple
groups of original KQI vectors and the QOE values corre-
sponding to the original KQI vectors to establish the function
relationship between, the original KQI values corresponding
to the same KQI class and the QOE values corresponding to
the original KQI vectors specifically includes:

analyzing a relationship between the stable original KQI
values corresponding to the same KQI class and the stable
QOE values corresponding to the stable original KQI values
corresponding to the same KQI class to establish the function
relationship.

To be more specific, the analyzing the relationship between
the stable original KQI values and the stable QOE values to
establish the function relationship specifically includes:

analyzing a relationship between the stable original KQI
values and the stable QOE values and using a single regres-
sion modeling method to establish a function relationship
between the original KQI values corresponding to the same
KQI class and QOE values corresponding to the original KQI
vectors. The using the single regression modeling method to
establish the function relationship between the original KQI
values corresponding to the same KQI class and QOE values
corresponding to the original KQI vectors specifically
includes: with a stable QOE value as an independent variable,
and with a stable original KQI value as a dependent variable,
obtaining the function relationship through regression analy-
sis. To be specific,

if a linear relationship is shown between the stable original
KQI value and the stable QOE value, the function relationship
is as follows: KQI=a*QOE+b;

if a logarithmic relationship is shown between the stable
original KQI value and the stable QOE value, the function
relationship is as follows: KQI=a*In(QOE)+b;

if an exponential relationship is shown between the stable
original KQI value and the stable QOE value, the function
relationship is as follows: KQI=a*e€°E+b.

After the function relationship between the original KQI
values corresponding to the same KQI class and the QOE
values corresponding to the original KQI vectors is obtained,
the apparatus for ensuring QOE of the telecommunication
service further includes:
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a KQI threshold value acquiring module 1830, configured
to: according to a preset QOE threshold value, apply the
function relationship to determine a KQI threshold value
corresponding to a certain KQI class,

where according to the relationship between KQI and QOE
acquired by the modeling module 1820, a KQI vector thresh-
old value corresponding to a certain KQI class can be
acquired according to the preset QOE value. In this way, the
KQI that affects a QOE value can be found objectively, and
adjustment can be made accordingly, so that the adjusted
QOE of the telecommunication service can comply with the
preset QOE threshold value;

a KQI adjusting module 1840, configured to: according to
the KQI threshold value corresponding to the certain KQI
class, adjust a current KQI value corresponding to the certain
KQI class to ensure that a current QOE value of the telecom-
munication service complies with the preset QOE threshold
value.

With the apparatus for ensuring QOE of a telecommunica-
tion service provided in this embodiment of the present inven-
tion, by pre-establishing a function relationship between KQI
values under a certain KQI class and the QOE values corre-
sponding to the KQI vectors where the KQI values are
located, and according to a QOE threshold value, a corre-
sponding KQI vector threshold value can be acquired, and
then the KQI vector threshold value is used as reference to
adjust each KQI value in the telecommunication service, so
that the QOE can meet customer requirements, thereby
improving customer satisfaction.

As shown in FIG. 21, the present invention further provides
an apparatus for ensuring QOE of a telecommunication ser-
vice, including:

a parameter acquiring module 2110, configured to acquire
multiple groups of original KQI vectors and a QOE value
corresponding to each group of original KQI vectors in the
multiple groups of original KQI vectors, where each group of
original KQI vectors includes original KQI values corre-
sponding to different KQI classes;

a modeling module 2120, configured to analyze a relation-
ship between the original KQI values corresponding to the
same KQI class in the multiple groups of original KQI vectors
and the QOE values corresponding to the original KQI vec-
tors to establish a function relationship between original KQI
values corresponding to the same KQI class and the QOE
values corresponding to the original KQI vectors;

where the parameter acquiring module 2110 and the mod-
eling module 2120 are the same as the parameter acquiring
module 1810 and the modeling module 1820, and for the
specific implementation manners and details, reference can
be made to the descriptions about the parameter acquiring
module 1810 and the modeling module 1820;

a QOE value pre-estimating module 2130, configured to
acquire a current KQI value under a certain KQI class, and
apply the function relationship to determine a pre-estimated
QOE value corresponding to the current KQI value;

where according to the function relationship between the
original KQI values corresponding to the same KQI class and
QOE wvalues corresponding to the original KQI vectors
acquired by the modeling module, the pre-estimated QOE
value corresponding to the current KQI value is calculated,
and the calculated pre-estimated QOE value is used to deter-
mine the KQI class that affects a QOE value;

a QOE value comparing module 2140, configured to com-
pare the pre-estimated QOE value corresponding to the cur-
rent KQI value with a preset QOE threshold value to deter-
mine whether the pre-estimated QOE value corresponding to
the current KQI value is less than the QOE threshold value;
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atheoretical KQI acquiring module 2150, configured to: if
the pre-estimated QOE value corresponding to the current
KQI value is less than the QOE threshold value, determine a
theoretical KQI value corresponding to the pre-estimated
QOE value corresponding to the current KQI value under
each KQI class by applying a function relationship between
the KQI values corresponding to the same KQI class and the
QOE values corresponding to the KQI vectors and according
to the pre-estimated QOE value corresponding to the current
KQI value;

a key KQI determining module 2160, configured to com-
pare the determined theoretical KQI value corresponding to
the pre-estimated QOE value corresponding to the current
KQI value under each KQI class and a preset KQI threshold
value in the KQI class, and determine a KQI class under
which the theoretical KQI value is most approximate to the
preset KQI threshold value as a key KQI factor for resulting in
a case where the pre-estimated QOE value is less than the
preset QOE threshold value; and

a KQI adjusting module 2170, configured to adjust the
determined key KQI factor to ensure that a current QOE value
of the telecommunication service complies with the preset
QOE threshold value.

With the apparatus for ensuring QOE of the telecommuni-
cation service provided in this embodiment of the present
invention, by pre-establishing a function relationship
between KQI values under a certain KQI class and the QOE
values corresponding to the KQI vectors where the KQI val-
ues are located and according to a current KQI value, a QOE
value can be estimated, that is, the QOE value is pre-esti-
mated, a theoretical KQI value is calculated according to the
pre-estimated QOE value, and a key KQI class, that is, a key
KQI factor, that affects the QOE is determined according to a
relationship between the theoretical KQI value and a preset
KQI threshold value, so that the KQI factor is adjusted if
necessary to change a QOE value, thereby meeting customer
requirements.

The above descriptions are merely about exemplary
embodiments of the present invention, but are not intended to
confine the present invention. Any modifications, equivalent
replacements, and improvements made without departing
from the idea and principle of the invention shall fall within
the protection scope of the embodiments of the present inven-
tion.

What is claimed is:

1. A method for acquiring a current quality of experience
(QOE) value of a telecommunication service, comprising a
network apparatus monitoring a plurality of network ele-
ments respectively providing the telecommunication service,
wherein the network apparatus comprises at least a processor
which is configured to cause the network apparatus to per-
form functions, comprising:

acquiring multiple groups of original Key Quality Indica-

tor (KQI) vectors and a respective QOE value corre-
sponding to each group of the original KQI vectors inthe
multiple groups of the original KQI vectors, wherein the
multiple groups of original KQI vectors correspond to
the plurality of network elements respectively providing
the telecommunication service,

wherein the acquiring of the multiple groups of the original

KQI vectors and the respective QOE value correspond-

ing to each group of the original KQI vectors in the

multiple groups of the original KQI vectors, further

comprises:

acquiring the multiple original KQI values of a particu-
lar class of the telecommunication service, wherein
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the multiple original KQI values constituting the mul-
tiple groups of the original KQI vectors;
standardizing each group of the original KQI vectors in
the multiple groups of the original KQI vectors in
order to form corresponding multiple groups of stan-
dardized KQI vectors, wherein each respective group
of the standardized KQI vectors being corresponding
to a corresponding Key Performance Index (KPI)
state;
analyzing a relationship between the multiple groups of the
original KQI vectors and the respective QOE values
corresponding to the multiple groups of the original KQI
vectors to establish a function relationship between the
original KQI vectors which correspond to the plurality
of network elements providing the respective telecom-
munication service, and the respective QOE values cor-
responding to the original KQI vectors;
acquiring a current KQI vector, and applying the function
relationship between the original KQI vectors and the
respective QOE values corresponding to the original
KQI vectors, in order to obtain the current QOE value
which corresponds to a respective network element
which provides the telecommunication service corre-
sponding to the current KQI vector; and
utilizing the obtained current QOE value to adjust service
parameters of the respective network element to
improve a respective particular class of telecommunica-
tion service, wherein the improving of the respective
particular class of telecommunication service, com-
prises one or more of the following:
yielding higher caller connection success rate and better
voice quality in voice service,
reducing caller access duration and call drop rate in
voice service,
yielding higher access success rate, refresh success rate
and average downloading speed in web browsing ser-
vice,
reducing refresh duration and drop rate in web browsing
service, and
yielding higher success rate and reducing delay in a
short messaging service (SMS).
2. The method for acquiring the current QOE value of a

telecommunication service according to claim 1, wherein,

acquiring original QOE values corresponding to the mul-
tiple groups of the standardized KQI vectors;

selecting standardized KQI vectors whose KPI states are
approximate to form sample standardized KQI vectors;
and

stabilizing a relationship between the original KQI vectors
corresponding to the sample standardized KQI vectors
and the original QOE values corresponding to the
sample standardized KQI vectors to obtain stable origi-
nal KQI vectors and stable QOE values;

accordingly, the analyzing the relationship between the
multiple groups of original KQI vectors and the respec-
tive QOE values corresponding to the multiple groups of
the original KQI vectors to establish the function rela-
tionship between the KQI vectors and the respective
QOE values corresponding to the KQI vectors specifi-
cally comprises:
analyzing a relationship between the stable original KQI

vectors and the stable QOE values to establish the
function relationship.
3. The method for acquiring the current QOE value of a

telecommunication service according to claim 2, wherein the
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acquiring of the original QOE values corresponding to the
multiple groups of standardized KQI vectors specifically
comprises:

selecting, from a vector space constituted by the standard-

ized KQI vectors, a multi-dimensional space entity that
comprises all the standardized KQI vectors, wherein
each dimension of the multi-dimensional space entity
comprises a minimum value, a maximum value, and a
value between the minimum value and the maximum
value that are in the standardized KQI vectors and fall on
the dimension;

evenly dividing the multi-dimensional space entity along

each dimension of the multi-dimensional space entity
into adjacent space area blocks, and selecting the same
quantity of standardized KQI vectors from each of the
space area blocks; and

acquiring original QOE values corresponding to the stan-

dardized KQI vectors selected from each of the space
area blocks;
accordingly, the selecting the standardized KQI vectors
whose KPI states are approximate to form the sample
standardized KQI vectors specifically comprises:

calculating distances between the standardized KQI vec-
tors selected from each of the space area blocks; and

according to the calculated distances, selecting, for each of
the selected standardized KQI vectors, multiple stan-
dardized KQI vectors that have shortest distances from
the standardized KQI vector as the standardized KQI
vectors whose KPI states are approximate to form the
sample standardized KQI vectors.

4. The method for acquiring the current QOE value of a
telecommunication service according to claim 1, wherein the
acquiring of the multiple groups of original KQI vectors and
the QOE value corresponding to each group of original KQI
vectors in the multiple groups of original KQI vectors spe-
cifically comprises:

selecting standardized KQI vectors whose KPI states are

evenly distributed to form sample standardized KQI
vectors;

acquiring original QOE values corresponding to the

sample standardized KQI vectors; and

stabilizing a relationship between the original KQI vectors

corresponding to the sample standardized KQI vectors
and the original QOE values corresponding to the
sample standardized KQI vectors to obtain stable origi-
nal KQI vectors and stable QOE values;

accordingly, the analyzing the relationship between the

multiple groups of the original KQI vectors and the QOE
values corresponding to the multiple groups of the origi-
nal KQI vectors to establish the function relationship
between the KQI vectors and the corresponding QOE
values specifically comprises:

analyzing a relationship between the stable original KQI

vectors and the stable QOE values to establish the func-
tion relationship.

5. The method for acquiring the current QOE value of a
telecommunication service according to claim 4, wherein the
selecting of the standardized KQI vectors whose KP1I states
are evenly distributed to form the sample standardized KQI
vectors specifically comprises:

selecting, from a vector space constituted by the standard-

ized KQI vectors, a multi-dimensional space entity that
comprises all the standardized KQI vectors, wherein
each dimension of the multi-dimensional space entity
comprises a minimum value, a maximum value, and a
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value between the minimum value and the maximum
value that are in the standardized KQI vectors and fall on
the dimension; and

evenly dividing the multi-dimensional space entity along

each dimension of the multi-dimensional space entity
into adjacent space area blocks, selecting at random,
from each of the space area blocks that comprises not
less than the preset number N of standardized KQI vec-
tors, N standardized KQI vectors, and using the selected
N standardized KQI vectors as the standardized KQI
vectors whose KP1I states are evenly distributed to form
the sample standardized KQI vectors.

6. The method for acquiring the current QOE value of a
telecommunication service according to claim 2, wherein the
stabilizing of the relationship between the original KQI vec-
tors corresponding to the sample standardized KQI vectors
and the original QOE values corresponding to the sample
standardized KQI vectors to obtain the stable original KQI
vectors and stable QOE values specifically comprises: calcu-
lating an average value or probability distribution of the origi-
nal KQI vectors corresponding to the sample standardized
KQI vectors as a stable original KQI vector, and calculating
an average value or probability distribution of the original
QOE values corresponding to the sample standardized KQI
vectors as a stable QOE value.

7. The method for acquiring the current QOE value of a
telecommunication service according to claim 1, wherein the
standardizing of each group of original KQI vectors in the
multiple groups of original KQI vectors to form the corre-
sponding multiple groups of standardized KQI vectors spe-
cifically comprises:

converting original KQI values in each of the original KQI

vectors through formula (a) into standard scores to
acquire a standardized KQI vector corresponding to the
original KQI vector;

(@

wherein X is an original KQI value of an original KQI
vector, X is an average value of multiple original KQI
values in the original KQI vector, and s is a standard
deviation of the multiple original KQI vectors in the
original KQI vector.

8. The method for acquiring the current QOE value of a
telecommunication service according to claim 2, wherein the
analyzing of the relationship between the stable original KQI
vectors and the stable QOE values to establish the function
relationship specifically comprises:

analyzing the relationship between the stable original KQI

vectors and the stable QOE values and using a multiple
regression modeling method to establish the function
relationship between the KQI vectors and the QOE val-
ues corresponding to the KQI vectors.

9. The method for acquiring the current QOE value of a
telecommunication service according to claim 8, wherein the
analyzing of the relationship between the stable original KQI
vectors and the stable QOE values and using the multiple
regression modeling method to establish the function rela-
tionship between the KQI vectors and the QOE values corre-
sponding to the KQI vectors specifically comprises:

with a stable original KQI vector as an independent vari-

able, and with a stable QOE value as a dependent vari-
able, obtaining the function relationship between the
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stable QOE values and the stable original KQI vectors
through multiple regression analysis; and

performing conversion for the obtained function relation-

ship between the stable QOE values and the stable origi-
nal KQI vectors to acquire the function relationship
between the KQI vectors and the QOE values corre-
sponding to the KQI vectors, so that a QOE value cal-
culated through the acquired function relationship
between the KQI vectors and the QOE values corre-
sponding to the KQI vectors is confined within a preset
value range.

10. A method for ensuring a current quality of experience
(QOE) of a telecommunication service, comprising a network
apparatus monitoring a plurality of network elements respec-
tively providing the telecommunication service, wherein the
network apparatus comprises at least a processor which is
configured to cause the network apparatus to perform func-
tions, comprising:

acquiring multiple groups of original Key Quality Indica-

tor (KQI) vectors and a QOE value corresponding to
each group of original KQI vectors in the multiple
groups of original KQI vectors, wherein:
the multiple groups of original KQI vectors correspond
to the plurality of network elements respectively pro-
viding the telecommunication service,
each group of original KQI vectors comprises original
KQI values corresponding to different KQI classes of
the telecommunication service,
the acquiring of the multiple groups of the original KQI
vectors and the respective QOE value corresponding
to each group of the original KQI vectors in the mul-
tiple groups of the original KQI vectors, further com-
prises:
acquiring the multiple original KQI values of a par-
ticular class of telecommunication service,
wherein the multiple original KQI values constitut-
ing the multiple groups of the original KQI vectors;
standardizing each group of the original KQI vectors
in the multiple groups of the original KQI vectors in
order to form corresponding multiple groups of
standardized KQI vectors, wherein each respective
group of the standardized KQI vectors being cor-
responding to a Key Performance Index (KPI)
state;
analyzing a relationship between original KQI values cor-
responding to a same KQI class in the multiple groups of
original KQI vectors and QOE values corresponding to
the original KQI vectors to establish a function relation-
ship between the original KQI values corresponding to
the same KQI class of the respective network elements
which provide the telecommunication service, and the
QOE values corresponding to the original KQI vectors;
according to a preset QOE threshold value, applying the
function relationship to determine a KQI threshold value
corresponding to a certain KQI class; and
according to the KQI threshold value corresponding to the
certain KQI class, adjusting a current KQI value corre-
sponding to the certain KQI class to ensure that a current
QOE value of the telecommunication service complies
with the preset QOE threshold value, wherein the cur-
rent QOE value is obtained from the acquired current
KQI vector, by applying the function relationship
between the original KQI vectors and the QOE values
corresponding to the original KQI vectors; and
utilizing the obtained current QOE value to adjust service
parameters of the respective plurality of network ele-
ments to improve the telecommunication service,
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wherein the improving of the respective particular class

of'telecommunication service, comprises one or more of

the following:

yielding higher caller connection success rate and better
voice quality in voice service,

reducing caller access duration and call drop rate in
voice service,

yielding higher access success rate, refresh success rate
and average downloading speed in web browsing ser-
vice,

reducing refresh duration and drop rate in web browsing
service, and

yielding higher success rate and reducing delay in a
short messaging service (SMS).

11. The method for ensuring the QOE of a telecommuni-
cation service according to claim 10, wherein,

the acquiring of the multiple groups of original KQI vec-

tors and the QOE value corresponding to each group of
original KQI vectors in the multiple groups of original
KQI vectors specifically comprises:

acquiring original QOE values corresponding to the mul-

tiple groups of standardized KQI vectors;

selecting standardized KQI vectors whose KPI states are

approximate to form sample standardized KQI vectors;
and
stabilizing a relationship between original KQI values cor-
responding to a same KQI class in the sample standard-
ized KQI vectors and original QOE values correspond-
ing to the sample standardized KQI vectors to obtain
stable original KQI values and stable QOE values;

accordingly, the analyzing the relationship between the
original KQI values corresponding to the same KQI
class in the multiple groups of original KQI vectors and
the QOE values corresponding to the original KQI vec-
tors to establish the function relationship between the
original KQI values corresponding to the same KQI
class and the QOE values corresponding to the original
KQI vectors comprises:

analyzing a relationship between the stable original KQI
values corresponding to the same KQI class and the
stable QOE values corresponding to the stable original
KQI values corresponding to the same KQI class to
establish the function relationship.

12. The method for ensuring the QOE of a telecommuni-
cation service according to claim 11, wherein the acquiring of
the original QOE values corresponding to the multiple groups
of standardized KQI vectors specifically comprises:

selecting, from a vector space constituted by the standard-

ized KQI vectors, a multi-dimensional space entity that
comprises all the standardized KQI vectors, wherein
each dimension of the multi-dimensional space entity
comprises a minimum value, a maximum value, and a
value between the minimum value and the maximum
value that are in the standardized KQI vectors and fall on
the dimension; evenly dividing the multi-dimensional
space entity along each dimension of the multi-dimen-
sional space entity into adjacent space area blocks, and
selecting the same quantity of standardized KQI vectors
from each of the space area blocks; and

acquiring original QOE values corresponding to the stan-

dardized KQI vectors selected from each of the space
area blocks;

accordingly, the selecting the standardized KQI vectors

whose KPI states are approximate to form the sample
standardized KQI vectors comprises:

calculating distances between the standardized KQI vec-

tors selected from each of the space area blocks; and
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according to the calculated distances, selecting, for each of
the selected standardized KQI vectors, multiple stan-
dardized KQI vectors that have shortest distances from
the standardized KQI vector as the standardized KQI
vectors whose KPI states are approximate to form the
sample standardized KQI vectors.

13. The method for ensuring the QOE of a telecommuni-
cation service according to claim 10, wherein,

the acquiring of the multiple groups of the original KQI

vectors and the QOE value corresponding to each group
of the original KQI vectors in the multiple groups of
original KQI vectors specifically comprises:

selecting standardized KQI vectors whose KPI states are

evenly distributed to form sample standardized KQI
vectors;

acquiring original QOE values corresponding to the

sample standardized KQI vectors; and
stabilizing a relationship between original KQI values cor-
responding to a same KQI class in the sample standard-
ized KQI vectors and original QOE values correspond-
ing to the sample standardized KQI vectors to obtain
stable original KQI values and stable QOE values;

accordingly, the analyzing the relationship between the
KQI values corresponding to the same KQI class in the
multiple groups of original KQI vectors and the QOE
values corresponding to the original KQI vectors to
establish the function relationship between the original
KQI values corresponding to the same KQI class and the
QOE values corresponding to the original KQI vectors
specifically comprises:

analyzing a relationship between the stable original KQI

values and the stable QOE values to establish the func-
tion relationship.

14. The method for ensuring the QOE of a telecommuni-
cation service according to claim 13, wherein,

the selecting the standardized KQI vectors whose KPI

states are evenly distributed to form the sample stan-
dardized KQI vectors specifically comprises:

selecting, from a vector space constituted by the standard-

ized KQI vectors, a multi-dimensional space entity that
comprises all the standardized KQI vectors, wherein
each dimension of the multi-dimensional space entity
comprises a minimum value, a maximum value, and a
value between the minimum value and the maximum
value that are in the standardized KQI vectors and fall on
the dimension; and

evenly dividing the multi-dimensional space entity along

each dimension of the multi-dimensional space entity
into adjacent space area blocks, selecting at random,
from each of the space area blocks that comprises not
less than the preset number N of standardized KQI vec-
tors, N standardized KQI vectors, and using the selected
N standardized KQI vectors as the standardized KQI
vectors whose KP1I states are evenly distributed to form
the sample standardized KQI vectors.

15. The method for ensuring the QOE of a telecommuni-
cation service according to claim 11, wherein the stabilizing
of the relationship between the original KQI values corre-
sponding to the same KQI class in the sample standardized
KQI vectors and the original QOE values corresponding to
the sample standardized KQI vectors to obtain the stable
original KQI values and stable QOE values specifically com-
prises:

sorting multiple original KQI values corresponding to mul-

tiple standardized KQI values corresponding to the same
KQI class in the sample standardized KQI vectors to
form an original KQI value sequence, and dividing the
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original KQI value sequence evenly into original KQI
value sequence segments; and
calculating an average value or probability distribution of
original KQI values in each of the original KQI value
sequence segments as a stable original KQI value, and
calculating an average value or probability distribution
of the respective QOE values corresponding to sample
standardized KQI vectors where standard KQI values
corresponding to the original KQI values in each of the
original KQI value sequence segments are located as a
stable QOE value.
16. The method for ensuring the QOE of a telecommuni-
cation service according to claim 11, wherein the stabilizing
of the relationship between the original KQI values corre-
sponding to the same KQI class in the sample standardized
KQI vectors and the original QOE values corresponding to
the sample standardized KQI vectors to obtain the stable
original KQI values and stable QOE values specifically com-
prises:
using same QOE values corresponding to the sample stan-
dardized KQI vectors as the stable QOE values; and

calculating an average value or probability distribution of
original KQI values corresponding to multiple standard-
ized KQI values corresponding to the same KQI class in
the sample standardized KQI vectors that have the stable
QOE values, as a stable original KQI value.

17. The method for ensuring the QOE of a telecommuni-
cation service according to claim 10 wherein the standardiz-
ing of each group of original KQI vectors in the multiple
groups of original KQI vectors to form the corresponding
multiple groups of standardized KQI vectors specifically
comprises:

converting original KQI values in each of the original KQI

vectors through formula (a) into standard scores to
acquire a standardized KQI vector corresponding to the
original KQI vector;

(@

wherein X is an original KQI value of an original KQI
vector, is an average value of multiple original KQI
values in the original KQI vector, and s is a standard
deviation of the multiple original KQI vectors in the
original KQI vector.

18. The method for ensuring the QOE value of a telecom-
munication service according to claim 11, wherein the ana-
lyzing of the relationship between the stable original KQI
values and the stable QOE values to establish the function
relationship specifically comprises: analyzing the relation-
ship between the stable original KQI values and the stable
QOE values and applying a single regression modeling
method to establish the function relationship between the
original KQI values corresponding to the same KQI class and
the respective QOE values corresponding to the original KQI
vectors.

19. The method for ensuring the QOE of a telecommuni-
cation service according to claim 18, wherein the applying of
the single regression modeling method to establish the func-
tion relationship between the original KQI values corre-
sponding to the same KQI class and the QOE values corre-
sponding to the original KQI vectors specifically comprises:

with the stable QOE values as independent variables, and

with the stable original KQI values as dependent vari-
ables, obtaining the function relationship through
regression analysis.
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20. A method for ensuring quality of experience (QOE) of
a telecommunication service, comprising a network appara-
tus monitoring a plurality of network elements respectively
providing the telecommunication service, wherein the net-
work apparatus comprises at least a processor which is con-
figured to cause the network apparatus to perform functions,
comprising:

acquiring multiple groups of original Key Quality Indica-

tor (KQI) vectors and a QOE value corresponding to
each group of original KQI vectors in the multiple
groups of original KQI vectors, wherein the multiple
groups of original KQI vectors correspond to the plural-
ity of network elements respectively providing the tele-
communication service, and each group of original KQI
vectors comprises original KQI values corresponding to
different KQI classes, wherein the acquiring the mul-
tiple groups of the original KQI vectors and the respec-
tive QOE value corresponding to each group of the origi-
nal KQI vectors in the multiple groups of the original
KQI vectors, further comprises:
acquiring the multiple original KQI values of a particu-
lar class of the telecommunication service, wherein
the multiple original KQI values constituting the mul-
tiple groups of the original KQI vectors;
standardizing each group of original KQI vectors in the
multiple groups of the original KQI vectors in order to
form corresponding multiple groups of standardized
KQI vectors, wherein each respective group of the
standardized KQI vectors being corresponding to a
corresponding Key Performance Index (KPI) state;
analyzing a relationship between original KQI values cor-
responding to a same KQI class in the multiple groups of
original KQI vectors and QOE values corresponding to
the original KQI vectors to establish a function relation-
ship between the original KQI values corresponding to
the same KQI class and the QOE values corresponding
to the original KQI vectors;
acquiring a current KQI value under a certain KQI class,
and applying the function relationship to determine a
pre-estimated QOE value corresponding to the current
KQI value of the telecommunication service;

comparing the pre-estimated QOE value corresponding to
the current KQI value against a preset QOE threshold
value to determine whether the pre-estimated QOE
value corresponding to the current KQI value is less than
the QOE threshold value;
if the pre-estimated QOE value corresponding to the cur-
rent KQI value is less than the QOE threshold value,
determining a theoretical KQI value corresponding to
the pre-estimated QOE value corresponding to the cur-
rent KQI value under each KQI class by applying the
function relationship between the KQI values corre-
sponding to the same KQI class and the QOE values
corresponding to the KQI vectors and according to the
pre-estimated QOE value corresponding to the current
KQI value;

comparing the determined theoretical KQI value corre-
sponding to the pre-estimated QOE value corresponding
to the current KQI value under each KQI class and a
preset KQI threshold value in the KQI class, and deter-
mining a KQI class under which the theoretical KQI
value is most approximate to the preset KQI threshold
value as a key KQI factor for resulting in a case where
the pre-estimated QOE value is less than the preset QOE
threshold value; and

adjusting the determined key KQI factor to ensure that a

current QOE value which corresponds to a respective



US 9,258,200 B2

37

network element which provides the respective telecom-
munication service complies with the preset QOE
threshold value, wherein the current QOE value is
obtained from the acquired current KQI vector, by
applying the function relationship between the original
KQI vectors and the QOE values corresponding to the
original KQI vectors; and

utilizing the obtained current QOE value to adjust service
parameters of the respective network element to

38

acquiring original QOE values corresponding to the stan-
dardized KQI vectors selected from each of the space
area blocks;

accordingly, selecting the standardized KQI vectors whose
KPI states are approximate to form sample standardized
KQI vectors;

calculating distances between the standardized KQI vec-
tors selected from each of the space area blocks; and

according to the calculated distances, selecting, for each of

improve a respective particular class of telecommunica- 10 the selected standardized KQI vectors, multiple stan-
tion service, wherein the improving of the respective dardized KQI vectors that have shortest distances from
particular class of telecommunication service, com- the standardized KQI vector as the standardized KQI
prises one or more of the following: vectors whose KPI states are approximate to form the
yielding higher caller connection success rate and better sample standardized KQI vectors.

voice quality in voice service, 15 23. The method for ensuring QOE of a telecommunication

reducing caller access duration and call drop rate in
voice service,

yielding higher access success rate, refresh success rate
and average downloading speed in web browsing ser-

service according to claim 20, wherein,

the acquiring the multiple groups of original KQI vectors
and the QOE value corresponding to each group of origi-
nal KQI vectors in the multiple groups of original KQI

vice, 20 vectors specifically comprises:
reducing refresh duration and drop rate in web browsing selecting standardized KQI vectors whose KPI states are
service, and evenly distributed to form sample standardized KQI
yielding higher success rate and reducing delay in a vectors;
short messaging service (SMS). acquiring original QOE values corresponding to the
21. The method for ensuring QOE of a telecommunication 25 sample standardized KQI vectors; and
service according to claim 20, wherein, stabilizing a relationship between original KQI values cor-
the acquiring the multiple groups of original KQI vectors responding to a same KQI class in the sample standard-
and the QOE value corresponding to each group of origi- ized KQI vectors and original QOE values correspond-
nal KQI vectors in the multiple groups of original KQI ing to the sample standardized KQI vectors to obtain
vectors specifically comprises: 30 stable original KQI values and stable QOE values;
acquiring original QOE values corresponding to the mul- accordingly, the analyzing the relationship between the
tiple groups of standardized KQI vectors; KQI values corresponding to the same KQI class in the
selecting standardized KQI vectors whose Key Perfor- multiple groups of original KQI vectors and the QOE
mance Index (KPI) states are approximate to form values corresponding to the original KQI vectors to
sample standardized KQI vectors; and 35 establish the function relationship between the original
stabilizing a relationship between original KQI values cor- KQI values corresponding to the same KQI class and the
responding to a same KQI class in the sample standard- QOE values corresponding to the original KQI vectors
ized KQI vectors and original QOE values correspond- specifically comprises:
ing to the sample standardized KQI vectors to obtain analyzing a relationship between the stable original KQI
stable original KQI values and stable QOE values; 40 values and the stable QOE values to establish the func-

accordingly, the analyzing the relationship between the
KQI values corresponding to the same KQI class in the
multiple groups of original KQI vectors and the QOE
values corresponding to the original KQI vectors to

tion relationship.
24. The method for ensuring QOE of a telecommunication

service according to claim 23, wherein,

the selecting the standardized KQI vectors whose KPI

establish the function relationship between the original 45 states are evenly distributed to form the sample stan-

KQI values corresponding to the same KQI class and the dardized KQI vectors specifically comprises:

QOE values corresponding to the original KQI vectors selecting, from a vector space constituted by the standard-

specifically comprises: ized KQI vectors, a multi-dimensional space entity that
analyzing a relationship between the stable original KQI comprises all the standardized KQI vectors, wherein

values and the stable QOE values to establish the func- 50 each dimension of the multi-dimensional space entity

tion relationship.
22. The method for ensuring QOE of a telecommunication

comprises a minimum value, a maximum value, and a
value between the minimum value and the maximum

service according to claim 21, wherein the acquiring the
original QOE values corresponding to the multiple groups of
standardized KQI vectors specifically comprises: 55

value that are in the standardized KQI vectors and fall on
the dimension; and
evenly dividing the multi-dimensional space entity along

selecting, from a vector space constituted by the standard-
ized KQI vectors, a multi-dimensional space entity that
comprises all the standardized KQI vectors, wherein
each dimension of the multi-dimensional space entity
comprises a minimum value, a maximum value, and a
value between the minimum value and the maximum
value that are in the standardized KQI vectors and fall on
the dimension; evenly dividing the multi-dimensional
space entity along each dimension of the multi-dimen-
sional space entity into adjacent space area blocks, and
selecting the same quantity of standardized KQI vectors
from each of the space area blocks; and

60

each dimension of the multi-dimensional space entity
into adjacent space area blocks, selecting at random,
from each of the space area blocks that comprises not
less than the preset number N of standardized KQI vec-
tors, N standardized KQI vectors, and using the selected
N standardized KQI vectors as the standardized KQI
vectors whose KP1I states are evenly distributed to form
the sample standardized KQI vectors.

25. The method for ensuring QOE of a telecommunication

65 service according to any one of claim 21, wherein the stabi-

lizing the relationship between the original KQI values cor-
responding to the same KQI class in the sample standardized
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KQI vectors and the original QOE values corresponding to
the sample standardized KQI vectors to obtain the stable
original KQI values and stable QOE values specifically com-
prises:
sorting multiple original KQI values corresponding to mul-
tiple standardized KQI values corresponding to the same
KQI class in the sample standardized KQI vectors to
form an original KQI value sequence, and dividing the
original KQI value sequence evenly into original KQI
value sequence segments; and
calculating an average value or probability distribution of
original KQI values in each of the original KQI value
sequence segments as a stable original KQI value, and
calculating an average value or probability distribution
of QOE values corresponding to the sample standard-
ized KQI vectors where standard KQI values corre-
sponding to the original KQI values in each of the origi-
nal KQI value sequence segments are located as a stable
QOE value.
26. The method for ensuring QOE of a telecommunication
service according to any one of claim 21, wherein the stabi-
lizing the relationship between the original KQI values cor-
responding to the same KQI class in the sample standardized
KQI vectors and the original QOE values corresponding to
the sample standardized KQI vectors to obtain the stable
original KQI values and stable QOE values specifically com-
prises:
using same QOE values corresponding to the sample stan-
dardized KQI vectors as the stable QOE values; and

calculating an average value or probability distribution of
original KQI values corresponding to multiple standard-
ized KQI values corresponding to the same KQI class in
the sample standardized KQI vectors that have the stable
QOE values, as a stable original KQI value.

27. The method for ensuring QOE of a telecommunication
service according to any one of claim 20, wherein the stan-
dardizing of each group of original KQI vectors in the mul-
tiple groups of original KQI vectors to form the correspond-
ing multiple groups of standardized KQI vectors specifically
comprises:

converting original KQI values in each of the original KQI

vectors through formula (a) into standard scores to
acquire a standardized KQI vector corresponding to the
original KQI vector;

(@

wherein X is an original KQI value of an original KQI
vector, X is an average value of multiple original KQI
values in the original KQI vector, and s is a standard
deviation of the multiple original KQI vectors in the
original KQI vector.

28. The method for ensuring QOE of a telecommunication
service according to any one of claim 21, wherein the ana-
lyzing the relationship between the stable original KQI values
and the stable QOE values to establish the function relation-
ship specifically comprises: analyzing the relationship
between the stable original KQI values and the stable QOE
values and applying a single regression modeling method to
establish the function relationship between the original KQI
values corresponding to the same KQI class and the QOE
values corresponding to the original KQI vectors.

29. The method for ensuring QOE of a telecommunication
service according to claim 28, wherein the applying the single
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regression modeling method to establish the function rela-
tionship between the original KQI values corresponding to
the same KQI class and the QOE values corresponding to the
original KQI vectors specifically comprises:

with a stable QOE value as an independent variable, and

with a stable original KQI value as a dependent variable,
obtaining the function relationship through regression
analysis.

30. A network apparatus for acquiring a current quality of
experience (QOE) value of a telecommunication service,
comprising at least a processor which is configures the net-
work apparatus to:

monitor a plurality of network elements respectively pro-

viding the telecommunication service;

acquire multiple groups of original Key Quality Indicator

(KQI) vectors and a QOE value corresponding to each
group of original KQI vectors in the multiple groups of
original KQI vectors, wherein the multiple groups of
original KQI vectors correspond to the plurality of net-
work elements respectively providing the telecommuni-
cation service;

acquire multiple original KQI values of a particular class of

the telecommunication service, wherein the multiple
original KQI values constituting the multiple groups of
original KQI vectors;
standardize each group of the original KQI vectors in the
multiple groups of original KQI vectors in order to form
corresponding multiple groups of standardized KQI
vectors, wherein each respective group of standardized
KQI vectors being corresponding to a corresponding
Key Performance Index (KPI) state;

analyze a relationship between the multiple groups of
original KQI vectors and QOE values corresponding to
the multiple groups of original KQI vectors to establish
a function relationship between the original KQI vectors
which correspond to the plurality of network elements
providing the telecommunication service, and respec-
tive QOE values corresponding to the KQI vectors; and

acquire a current KQI vector, and apply the function rela-
tionship between the original KQI vectors and the
respective QOE values corresponding to the KQI vec-
tors, in order to obtain the current QOE value which
corresponds to a respective network element which pro-
vides the respective telecommunication service corre-
sponding to the current KQI vector; and

utilize the obtained current QOE value to adjust service

parameters of the respective network element to

improve a respective particular class of telecommunica-

tion service, wherein the improving of the respective

particular class of telecommunication service comprises

the respective network element configured to perform

one or more of the following:

yield higher caller connection success rate and better
voice quality in voice service,

reduce caller access duration and call drop rate in voice
service,

yield higher access success rate, refresh success rate and
average downloading speed in web browsing service,

reduce refresh duration and drop rate in web browsing
service, and

yield higher success rate and reducing delay in a short
messaging service (SMS).

31. The network apparatus for acquiring the QOE value of
a telecommunication service according to claim 30, wherein
the network apparatus is further configure to:

acquire original QOE values corresponding to the multiple

groups of standardized KQI vectors;
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select standardized KQI vectors whose KPI states are
approximate to form sample standardized KQI vectors;
and
stabilize a relationship between original KQI vectors cor-
responding to the sample standardized KQI vectors and
original QOE values corresponding to the sample stan-
dardized KQI vectors to obtain stable original KQI vec-
tors and stable QOE values;
accordingly, the analyzing of the relationship between the
multiple groups of original KQI vectors and QOE values
corresponding to the multiple groups of original KQI
vectors establishes the function relationship between the
KQI vectors and the QOE values corresponding to the
KQI vectors comprises:

analyzing a relationship between the stable original KQI
vectors and the stable QOE values to establish the func-
tion relationship.

32. The network apparatus for acquiring the QOE value of
a telecommunication service according to claim 31, is further
configured to:

select, from a vector space constituted by the standardized

KQI vectors, a multi-dimensional space entity that com-
prises all the standardized KQI vectors, wherein each
dimension of the multi-dimensional space entity com-
prises a minimum value, a maximum value, and a value
between the minimum value and the maximum value
that are in the standardized KQI vectors and fall on the
dimension;

evenly divide the multi-dimensional space entity along

each dimension of the multi-dimensional space entity
into adjacent space area blocks, and select the same
quantity of standardized KQI vectors from each of the
space area blocks; and

acquire original QOE values corresponding to the stan-

dardized KQI vectors selected from each of the space
area blocks;
calculate distances between the standardized KQI vectors
selected from each of the space area blocks; and

according to the calculated distances, select, for each of the
selected standardized KQI vectors, multiple standard-
ized KQI vectors that have shortest distances from the
standardized KQI vector as the standardized KQI vec-
tors whose KPI states are approximate to form sample
standardized KQI vectors.

33. The network apparatus for acquiring the QOE value of
a telecommunication service according to claim 30, is further
configured to:

select standardized KQI vectors whose KPI states are

evenly distributed to form sample standardized KQI
vectors; and

acquire original QOE values corresponding to the sample

standardized KQI vectors; and

stabilize a relationship between original KQI vectors cor-

responding to the sample standardized KQI vectors and
the original QOE values corresponding to the sample
standardized KQI vectors to obtain stable original KQI
vectors and stable QOE values;

analyze the relationship between the multiple groups of

original KQI vectors and the QOE values corresponding
to the multiple groups of original KQI vectors to estab-
lish the function relationship between the KQI vectors
and the QOE values corresponding to the KQI vectors
comprises:

analyze a relationship between the stable original KQI

vectors and the stable QOE values to establish the func-
tion relationship.
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34. The network apparatus for acquiring the QOE value of
a telecommunication service according to claim 33, further
configured to:
select, from a vector space constituted by the standardized
KQI vectors, a multi-dimensional space entity that com-
prises all the standardized KQI vectors, wherein each
dimension of the multi-dimensional space entity com-
prises a minimum value, a maximum value, and a value
between the minimum value and the maximum value
that are in the standardized KQI vectors and fall on the
dimension; and
evenly divide the multi-dimensional space entity along
each dimension of the multi-dimensional space entity
into adjacent space area blocks, select at random, from
each of'the space area blocks that comprises not less than
the preset number N of standardized KQI vectors, N
standardized KQI vectors, and use the selected N stan-
dardized KQI vectors as the standardized KQI vectors
whose KPI states are evenly distributed to form sample
standardized KQI vectors.
35. The network apparatus for acquiring the QOE value of
a telecommunication service according to claim 31, wherein
the stabilizing of the relationship between the original KQI
vectors corresponding to the sample standardized KQI vec-
tors and the original QOE values corresponding to the sample
standardized KQI vectors to obtain the stable original KQI
vectors and the stable QOE values, specifically comprises:
calculating an average value or probability distribution of
the original KQI vectors corresponding to the sample
standardized KQI vectors as a stable original KQI vec-
tor, and calculating an average value or probability dis-
tribution of the original QOE values corresponding to
the sample standardized KQI vectors as a stable QOE
value.
36. The network apparatus for acquiring the QOE value of
a telecommunication service according to claim 30, wherein
the standardizing of each group of the original KQI vectors in
the multiple groups of original KQI vectors to form corre-
sponding multiple groups of standardized KQI vectors, spe-
cifically comprises:
converting original KQI values in each of the original KQI
vectors through formula (a) into standard scores to
acquire a standardized KQI vector corresponding to the
original KQI vector;

(@

wherein x is an original KQI value of an original KQI
vector, X is an average value of multiple original KQI
values in the original KQI vector, and s is a standard
deviation of the multiple original KQI vectors in the
original KQI vector.
37. The network apparatus for acquiring the QOE value of
a telecommunication service according to any one of claim
31, wherein the analyzing of the relationship between the
multiple groups of original KQI vectors and the QOE values
corresponding to the multiple groups of original KQI vectors
to establish the function relationship between the KQI vectors
and the QOE values corresponding to the KQI vectors, spe-
cifically comprises:
analyzing a relationship between the stable original KQI
vectors and the stable QOE values and using a multiple
regression modeling method to establish the function
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relationship between the KQI vectors and the QOE val-
ues corresponding to the KQI vectors.

38. The network apparatus for acquiring the QOE value of
a telecommunication service according to claim 37, wherein
the analyzing the relationship between the stable original
KQI vectors and the stable QOE values and using the multiple
regression modeling method to establish the function rela-
tionship between the KQI vectors and the QOE values corre-
sponding to the KQI vectors specifically comprises:

with a stable original KQI vector as an independent vari-

able, and with a stable QOE value as a dependent vari-
able, obtaining the function relationship between the
stable QOE values and the stable original KQI vectors
through multiple regression analysis; and

performing conversion for the obtained function relation-

ship between the stable QOE values and the stable origi-
nal KQI vectors to acquire the function relationship
between the KQI vectors and the QOE values corre-
sponding to the KQI vectors, so that a QOE value cal-
culated through the acquired function relationship
between the KQI vectors and the QOE values corre-
sponding to the KQI vectors is confined within a preset
value range.

39. A network apparatus for ensuring quality of experience
(QOE) of a telecommunication service, comprising at least a
processor which configures the network apparatus to:

monitor a plurality of network elements respectively pro-

viding the telecommunication service;

acquire multiple groups of original Key Quality Indicator

(KQI) vectors and a QOE value corresponding to each
group of original KQI vectors in the multiple groups of
original KQI vectors, wherein the multiple groups of
original KQI vectors correspond to the plurality of net-
work elements respectively providing the telecommuni-
cation service, and each group of original KQI vectors
comprises original KQI values corresponding to differ-
ent KQI classes;

acquire multiple original KQI values of a particular class of

the telecommunication service, wherein the multiple
original KQI values constituting the multiple groups of
original KQI vectors;
standardize each group of the original KQI vectors in the
multiple groups of original KQI vectors in order to form
corresponding multiple groups of standardized KQI
vectors, wherein each respective group of standardized
KQI vectors being corresponding to a corresponding
Key Performance Index (KPI) state;

analyze a relationship between original KQI values corre-
sponding to a same KQI class in the multiple groups of
original KQI vectors and QOE values corresponding to
the original KQI vectors to establish a function relation-
ship between the original KQI values corresponding to
the same KQI class and the QOE values corresponding
to the original KQI vectors of the plurality of network
elements which provide the telecommunication service;

according to a preset QOE threshold value, apply the func-
tion relationship to determine a KQI threshold value
corresponding to a certain KQI class; and

according to the KQI threshold value corresponding to the

certain KQI class, adjust a current KQI value corre-
sponding to the certain KQI class to ensure that a current
QOE value of the telecommunication service complies
with the preset QOE threshold value, wherein the cur-
rent QOE value is obtained from the acquired current
KQI vector, by applying the function relationship
between the original KQI vectors and the QOE values
corresponding to the original KQI vectors; and; and
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utilize the current QOE value to adjust service parameters
of the respective network element to improve a respec-
tive particular class of telecommunication service,
wherein the improving of the respective particular class
of telecommunication service comprises the respective
network element configured to perform one or more of
the following:
yield higher caller connection success rate and better
voice quality in voice service,
reduce caller access duration and call drop rate in voice
service,
yield higher access success rate, refresh success rate and
average downloading speed in web browsing service,
reduce refresh duration and drop rate in web browsing
service, and
yield higher success rate and reducing delay in a short
messaging service (SMS).
40. A network apparatus for ensuring quality of experience

(QOE) of a telecommunication service, comprising at least a

20 processor which configures the network apparatus to:
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monitor a plurality of network elements respectively pro-
viding the telecommunication service;

acquire multiple groups of original Key Quality Indicator
(KQI) vectors and a QOE value corresponding to each
group of original KQI vectors in the multiple groups of
original KQI vectors, wherein the multiple groups of
original KQI vectors correspond to the plurality of net-
work elements respectively providing the telecommuni-
cation service, and each group of original KQI vectors
comprises original KQI values corresponding to differ-
ent KQI classes;

acquire multiple original KQI values of a particular class of
the telecommunication service, wherein the multiple
original KQI values constituting the multiple groups of
original KQI vectors;

standardize each group of the original KQI vectors in the
multiple groups of original KQI vectors in order to form
corresponding multiple groups of standardized KQI
vectors, wherein each respective group of standardized
KQI vectors being corresponding to a corresponding
Key Performance Index (KPI) state;

analyze a relationship between original KQI values corre-
sponding to a same KQI class in the multiple groups of
original KQI vectors and QOE values corresponding to
the original KQI vectors to establish a function relation-
ship between the original KQI values corresponding to
the same KQI class and the QOE values corresponding
to the original KQI vectors;

acquire a current KQI value under a certain KQI class, and
apply the function relationship to determine a pre-esti-
mated QOE value corresponding to the current KQI
value;

compare the pre-estimated QOE value corresponding to
the current KQI value against a preset QOE threshold
value to determine whether the pre-estimated QOE
value corresponding to the current KQI value is less than
the QOE threshold value;

if the pre-estimated QOE value corresponding to the cur-
rent KQI value is less than the QOE threshold value,
determine a theoretical KQI value corresponding to the
pre-estimated QOE value corresponding to the current
KQI value under each KQI class by applying the func-
tion relationship between the KQI values corresponding
to the same KQI class and the QOE values correspond-
ing to the KQI vectors and according to the pre-esti-
mated QOE value corresponding to the current KQI
value;
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compare the determined theoretical KQI value correspond-
ing to the pre-estimated QOE value corresponding to the
current KQI value under each KQI class and a preset
KQI threshold value in the KQI class, and determine a
KQI class under which the theoretical KQI value is most
approximate to the preset KQI threshold value as a key
KQI factor for resulting in a case where the pre-esti-
mated QOE value is less than the preset QOE threshold
value; and

adjust the determined key KQI factor to ensure that a

current QOE value of the telecommunication service
complies with the preset QOE threshold value, wherein
the current QOE value is obtained from the acquired
current KQI vector, by applying the function relation-
ship between the original KQI vectors and the QOE
values corresponding to the original KQI vectors; and

utilize the current QOE value to adjust service parameters

of respective network element to improve a respective
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particular class of telecommunication service, wherein

the improving of the respective particular class of tele-

communication service comprises the respective net-

work element configured to perform one or more of the

following:

yield higher caller connection success rate and better
voice quality in voice service,

reduce caller access duration and call drop rate in voice
service,

yield higher access success rate, refresh success rate and
average downloading speed in web browsing service,

reduce refresh duration and drop rate in web browsing
service, and

yield higher success rate and reducing delay in a short

messaging service (SMS).
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